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GCGAGGCGGGGCCGCCGGGGCCGCCATGGAGCCCGACTCGGTGATTGAGGACAAGACCATCGAGCTCATGTGTTICTGTGC
CAAGGTCTTTGTGGCTAGGCTGCGCCAACCTGGTAGAGAGCATGTGCGCACTGAGTTGCC
TGCAGAGCATGCCCAGTGTCAGATGTCTCCAGATAAGTAATGGAACATCATCTGTGATCGTCTCCAGAAA
GAGGCCATCAGAAGGAAACTATCAAAAAGAAAAAGACTTGTGTATTAAATATTTTGACCAGTGGTCTGAA
TCAGATCAAGTGGAATTTGTGGAACATCTTATTTCACGAATGTGTCATTATCAGCATGGACATATTAACT
CTTACCTGAAGCCCATGTTGCAGCGGGACTTITATTACCGCTTTACCAGAGCAAGGCTTAGATCACATAGC
AGAAACATTCTTTCGTACCTGGATGCCAGGTCTCTGTGTGCAGCAGAGCTGGTATGTAAAGAATGGCAG
CGAGTGATCTCAGAAGGAATGCTTTGGAAGAAGCTGATTGAACGAATGGTACGCACTGATCCCCTATGGA
AAGGACTTTCAGAAAGAAGAGGGTGGGATCAGTACCTGTTTAAAAACAGACCCACAGATGGCCCTCCAAA
TTCATTTTATAGGTCATTATACCCAAAGATTATCCAGGATATAGAGACTATAGAATCTAACTGGCGGTGT
GGACGACACAACTTGCAGAGGATTCAGTGCCGCTCTGAAAATAGTAAAGGTGTCTACTGTTTACAGTACG
ATGATGAAAAAATTATCAGTGGCCTACGAGATAATTCTATTAAGATATGGGATAAAACCAGCCTGGAATG
TTTGAAAGTGTTAACAGGACACACAGGCTCTGTCCTCTGTCTGCAGTATGATGAGCGTGTCATTGTAACT
GGCTCTTCAGATTCTACGGTGAGAGTGTGGGATGTGAACACGGGTGAAGTTCTTAACACATTGATCCACC
ACAATGAGGCTGTATTGCACTTACGCTTCAGCAATGGACTGATGGTGACCTGTTCCAAGGACCGCTCCAT
TGCTGTGTGGGACATGGCTTCTGCGACCGACATCACTTITACGCCGTGTCCTGGTTGGCCACCGGGCTGCC
GTCAATGTAGTAGACTTTGACGACAAGTACATCGTCTCTGCCTCTGGTGACAGGACCATCAAAGTCTGGA
GCACGAGCACCTGTGAATTTGTTCGTACTCTCAATGGGCACAAGCGGGGCATTGCCTGTCTCCAGTACAG
GGATCGCCTGGTTGTTAGTGGATCATCAGATAATACCATTAGGCTCTGGGATATTGAATGTGGTGCCTGT
TTAAGAGTCCTAGAGGGACATGAAGAATTGGTCCGATGCATCCGGTTTGATAACAAGAGGATTGTCAGTG
GGGCCTATCGATGGGAAAATTAAAGTTTGGGACTTGCAAGCTGCTCTTGACCCTCGAGCCCCAGCAAGCAC
ATTCTGTITGCGCACATTGGTGGAACATTCTGGACGTGTGTTTCGGCTCCAGTTTGATGAGTTTCAGATC
ATCAGCAGCTCCCATGATGACACTATTTTGATTTGGGATTTCTTAAATGTGCCTCCCAGTGCCCAGAATG
AGACCCGTTCTCCCTCCAGAACATACACTTACATCTCTAGATAACAGTCTGCACTTICACCCGTTTCAGG
GTTTTCTAGTCTTGAACTACTGGCTACGTGGCTACCAAATGCCTAAGGGAGTTCGTTCACAGCTGAGTTA
TGAAGCTGGAATTGGTTCTAGACGCTGGGTAGATGCAAAGCAGCCTAACTCTTCAAGTACCGACATTICT
CACCTCTGATTCCGGCTCTCCTTITGAGAAGGAGACCTTAGCTTCCCCGGCTTCAAGTAGAACAGAAGCCC
GTTTCCTTCCCTCATCAGTGAAAAAATCTAATGTTTCAAATGTAAATTGTTCATAGAAAAGGAACATAGA
ATCTGTTTTACAGAAGTAAATCGACCGTCAAGAGAAGACTTGGCCTCTAATTTATATTGCTTITGCACTTT
GGTTTGATATTAAGAAACAGCATTCTTCTTCAGTGAAATTTTGGGTGCCAAACACCTACCCAGAATGTCC
AGGGCTTTCATTITCAAAAGTTAGCATTCTCCTTTTGACCGTCCAAGTCATTATGAATTCTGACTTGTTG
TATTAGGAACATGTTGGACAGTGGAAAATTTTCTCTGGATTGTTTTAGTAATATT T TTGGGATTATACTT
CCTTTCTGTACCAATTTCTTTTAATTTAAAGAACTATAAGTCAGTTATATTATCTACCAACAGGTAATAT
AGCTCTTICTTITTATTAACTGTTCTC TG TCCCCCAACCATCTCCTGATATTTGGTAGAGTAACACCTTTA
TACGTGTGCTTGCCTCCTAATTTAAAATACTGTATTCGCATGTAGATATAATGTACATAACAGTITAACC
TCAAAGTTGCTGGAGTCAGGGCCCCCTGTGCTTGAGACACTAATACAGAGTGTGTTCGCACTTAGCCATG
GGCTGGGCTCAAGAACCTGATACCTGGGTTGATGTGGATTACCTAGAACCCTTCCTGCAGTATTCATACA
GTCTTTTITATT T TGTTCTTGTCATIGCGTGTG TG TGGTTITGTGTGTGTTTTITAATGAGAATCTIGTTTTA
AAATGTAATTTCTAAGGTTTAACACCAAAATGTTTTATTITGTTGTGGAGTATATATTATACAATAGAGAG
GTACCTTAAACATTTITTITGTTCTTATTCTTTTTCTCATAAGTACTCCTGAGTACAAGTGGTCACCTCCCA
TAGTATTCATITGGCTTCGCTGTCAAAAATCATTATTCTGTGCAGTCGTGGCCCTGGGAAGGGGAAATAA
GAAGGCCCTGTTGACGGGCTGTCTTGGCTCTGGAATTCATGCATCCTGGCCTTGCCAAGGTTCTGGCAGG
GCCTGCTGGTGTGTTGGAGCCTGCAGGGCAGGTCAGGCTGGTTCAGAGGCCCATGCTGAGGGGTGGGTGC
CTGAAGTGGAGTGAAGCCTCAAGCCCATGAATGCCACCCCAGTCATCTCTGGTGTCAGCTGCTGCTGTG
GCCCCAGCAGGTTCTCAAAGCTCCCAAGTCCTCCCTACGACACAGCCCAAATGTGTAAATGGCACTGTTG
CCCTGACAGTGCATGGAAASGACSTTGGCATCCAATTGGCACTCCTTCTCCCTTATTCAATATTAGGTTT
GATTTGCCCTTCGCCATTGTTTCCAAAGATCAAGGAATGTCAATAACATTTTAAAGGACCAATAAACAGC
CTCCTATAAAGTAAACCTCTTCCCGTGGAAGCACACTCTACTACTAAAGGGAAGGCCCCTGGGCTCTGAT
TTSTCCTITGCATTGAGAACGGTGTGGGGATCAGTGTGTGTGTATGTGATTTGTTTATTGAGTTGGCTTT
GCTTITTTAGTTTTTCT T TTAAAAATAAAATCCTTCCTTCCCATGTTACTAAATTAATTTATGTTTTITGA
GAGGTTGAGTCTCAAAGTGTAAACAATAAACCTCCATTCATAAGGTGGATGTTGTAAGCTTGATGGTGGT
TGTGAAAGTGATTTAGCTTTGACCACTTTTCATCCTACAGCTTCAATATCAAACTGGTTAGGAAAGCCCA
5GGGGAAGGGAGGGGGCAGGGGAGCAGGCAATTCTCGAATCAATGAATGGATTTTTISTTIGTITTTIGCATG
TTTAATATAGAAGTTCCCCTCGTTCCTTGGGAGATSATCGCCTTTGAATATGCAGACAACCTITGAATTG

FIG. 94
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TGCCTACTAAATTATAGCAGGGGACTTTGGCACCCAAGGAGTTCTGACTTTCTGGGATTATAATAGTAAT
TCCCAGCCATACTCTGGACTTTATTTTGCTAACCATAACTGAGCAAATGTAAATTACTGCTATATTAATG
TTTTAAAGCACTGGGATAGTCTAATTCTAACTTGTAATTAATTATGTTTGCCAATTATCTGTTTGAAATA
AATTTCTGTCTGAACAGCTATTGAAACTGTTAAATTGTACAGATATTATTCATGACAGCTTTGTACTGTG
GAATGTGCTTAATAAAAAACAAAAAAGTTTGACTTTTGTCCAGTAAATTGCTAAGTAATGTCAATAAATC
GAGTATGGGTATTATGCAGTGCACCTAATCTGGCTTCATGCAATTGTTACTTICAGCTACTGATTCAAAGC
CAATACTCTTAATAAAGTGTTGCAATACTC

FIG. 9B
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ENILSYLDARSLCAAELVCKEWQRVISEGMLWKKLIERMVRTDPLWKGLSERRGWDQYLFKNRPTDGPPN
SFYRSLYPKIQDIETIESNWRCGRHNLQRIQCRSENSKGVYCLQYDDEKIISGLRDNSIKIWDKTSLEC
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COMPOUNDS AND METHODS FOR
MODULATING ACTIVATION OF NF-«xB

This application 1s a continuation of U.S. application Ser.
No. 10/665,713, filed Sep. 19, 2003 now U.S. Pat. No. 7,186,

503, which 1s a division of U.S. application Ser. No. 09/832,
161, filed Apr. 9, 2001, now U.S. Pat. No. 6,656,713, which is

a continuation of U.S. application Ser. No. 09/210,060, filed
Dec. 10, 1998, now abandoned.

TECHNICAL FIELD

The present mvention relates generally to compositions
and methods for modulating the activation of nuclear factor
KB (NF-kB). The mvention 1s more particularly related to
agents that modulate ubiquitination of phosphorylated IxBa.
and/or IxkB[3 and to methods for treating diseases associated
with NF-kB activation. Modulating agents encompassed by
the present mvention include E3 ubiquitin ligases, and por-
tions and variants thereof.

BACKGROUND OF THE INVENTION

NF-kB 1s a transcription factor that plays a pivotal role 1n
the highly specific pattern of gene expression observed for
immune, mtflammatory and acute phase response genes,
including interleukin 1, interleukin 8, tumor necrosis factor
and certain cell adhesion molecules. Like other members of
the Rel family of transcriptional activators, NF-kB 1s seques-
tered 1n an 1mactive form in the cytoplasm of most cell types.
A varnety of extracellular stimuli including mitogens, cytok-
ines, antigens, stress mducing agents, UV light and viral
proteins initiate a signal transduction pathway that ultimately
leads to NF-kB release and activation.

Important modulators of NF-kB activation are the inhibitor
proteins IkBa and IkBp (referred to herein as IkB), which
associate with (and thereby inactivate) NF-kB 1n the cyto-
plasm of nonstimulated cells. Activation and nuclear translo-
cation of NF-kB occurs following signal-induced phospho-
rylation of IkB, which leads to proteolysis via the ubiquitin
pathway. For IkBa, the stimulus-induced phosphorylation at
serines 32 and 36 renders the inhibitor a target for ubiquiti-
nation at lysines 21 and 22, resulting 1n degradation. Simi-
larly, phosphorylation of IkBp at serines 19 and 23 renders
the inhibitor a target for ubiquitination at lysine 9. However,
the component(s) of the ubiquitin system mediating IkB rec-
ognition have not been 1dentified.

Degradation of a protein via the ubiquitin pathway pro-
ceeds by two discrete and successive steps: (a) covalent
attachment of multiple ubiquitin molecules to the protein
substrate, and (b) degradation of the targeted protein by the
26S proteasome complex. The ubiquitin pathway consists of
several components that act 1n concert and 1n a hierarchical

manner (for reviews, see Ciechanover, Cell 79:13, 1994;
Hochstrasser, Curr. Op. Cell. Biol. 7:215, 1995; Jentsch and

Schlenker, Cell 82:881, 1995; Deshaies, Trends Cell Biol.
5:428, 1993). One such component, a single E1 enzyme,
carries out activation of ubiquitin. Several major species ol E2
enzymes have been characterized in mammalian cells, plants,
and veast. E2 enzymes probably bind to the ligase E3 (Reiss
and Hersko, J Biol. Chem. 265:3685, 1990; Dohmen et al.,
Proc. Natl. Acad. Sci. USA 88:7351, 1991) and 1t appears that
cach E2 enzyme can act with one or more E3 proteins (Nuber
et al., J Biol. Chem. 271:2795, 1996; Orian et al., J Biol.
Chem. 270:21707, 1995; Stancovski et al., Mol. Cell. Biol.
15:7106, 1995. Gonen et al., J. Biol. Chem. 271:302, 1996).
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Only few E3 enzymes (ubiquitin ligases) have been
described. Mammalian E3¢. (UBR1 1n yeast) and E3p recog-
nize protein substrates via their free N-terminal amino acid
residues (“N-end rule”; Varshavsky, Cell 69:725, 1992; Her-
shko and Ciechanover, Ann. Rev. Biochem. 61:761, 1992).
Cdc53 1s probably an E3 mvolved in targeting phosphorylated
G1 cyclins (Willems et al., Cell 86:453, 1996). E6-AP 1s
involved 1n recognition of p53 (Schetiner et al., Cell 75:495,
1993), and a series of unique E6-AP homologous proteins
have been 1dentified (Huibregtse et al., Proc. Natl. Acad. Sci.
USA 92:2563, 1995): Nedd4 1s involved the degradation of
the epithelial Na™ channel (Staub et al, Embo J. 15:2371,
1996) and RSPS (NIP1) 1s involved in tagging the permeases
Gapl and Furl (Hein et al., Mol Microbiol. 18:77, 1995),
whereas Publ targets Cdc25 (Neisky and Beach, FMBO J.
15:1301, 1996). Several other E3 enzymes that have been
recently 1solated appear to be involved 1n the degradation of
c-Fos, a subset of muscle proteins, and 1n the processing of
p1035, the NF-kB precursor (Onan et al., J. Biol. Chem. 270:
21707, 19935, Stancovski et al., Mol Cell. Biol. 15:7106,
1993; Gonen et al., J. Biol. Chem. 271:302, 1996). Thus, 1t
appears that the ligases represent a large, mostly unraveled
family of enzymes and, except for the mode of recognition of
the “N-end rule” ligases (E3a and E3{3), the recognition
motifs of all other known substrates of the ubiquitin system
have not been 1dentified.

Accordingly, there 1s a need 1n the art for an improved
understanding of IkB degradation via the ubiquitin pathway,
and for the identification of modulators of this degradation
process for use 1n treating diseases associated with activation
of NF-kB. The present invention fulfills these needs and
turther provides other related advantages.

SUMMARY OF THE INVENTION

Briefly stated, the present invention provides compositions
and methods for modulating the activation of nuclear factor
KB (NF-kB) by modulating ubiquitination of phosphorylated
IkBa and/or IkB{3. Within one aspect, the present invention
provides 1solated human E3 ubiquitin ligase polypeptides.
Such polypeptides may comprise a human E3 ubiquitin ligase
sequence as recited in SEQ ID NO: 16, or a portion or variant
thereof that differs in one or more amino acid substitutions,
insertions, deletions and/or additions, such that the polypep-
tide (a) enhances ubiquitination of phosphorylated IkB or (b)
binds to phosphorylated IxkB and inhibits ubiquitination of
phosphorylated IkB. Within certain embodiments, such a
polypeptide may have the sequence recited in SEQ ID NO: 16
or a variant thereof that differs 1n one or more amino acid
deletions, 1nsertions or substitutions at no more than 20% of
the amino acid residues 1n SEQ ID NO:16, such that the
polypeptide enhances ubiquitination of phosphorylated IxB.
Within further embodiments, such a polypeptide may com-
prise a portion ol a human E3 ubiquitin ligase, or variant of
such a portion, wherein the portion binds to phosphorylated
IkB and inhibits ubiquitination of phosphorylated IkB.

The present ivention further provides, within other
aspects, 1solated polynucleotides that encode a polypeptide as
described above. Within certain embodiments, such poly-
nucleotides may encode a portion of a human E3 ubiquitin
ligase, or variant of such a portion, as described above. Anti-
sense polynucleotides comprising at least 10 consecutive
nucleotides complementary to such a polynucleotide are also
provided. Expression vectors comprising such a polynucle-
otide, and host cells transformed or transfected with such an
expression vector, are further provided.
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Within further aspects, the present invention provides phar-
maceutical compositions comprising a polypeptide or poly-
nucleotide as described above 1n combination with a physi-
ologically acceptable carrier.

Within other aspects, the present mvention provides 150-
lated antibodies, and antigen binding fragments thereof, that
bind to a human E3 ubiquitin ligase having a sequence recited
in SEQ ID NO:16. Such antibodies may be monoclonal.

Within further aspects, pharmaceutical compositions are
provided, comprising an antibody or fragment thereol as
described above i1n combination with a physiologically
acceptable carrier.

The present invention further provides methods for modu-
lating NF-kB activity 1n a patient, comprising administering
to a patient a pharmaceutical composition as described above.

Within further aspects, the present invention provides
methods for treating a patient aftlicted with a disorder asso-
ciated with NF-kB activation, comprising administering to a
patient a therapeutically effective amount of a pharmaceutical
composition as described above, and thereby treating a dis-
order associated with NF-kB activation. Such disorders
include inflammatory diseases, autoimmune diseases, cancer
and viral infection.

Within further aspects, the present invention provides
methods for screening for an agent that modulates NF-kB
activity, comprising the steps of: (a) contacting a candidate
agent with a human E3 ubiquitin ligase polypeptide, wherein
the polypeptide comprises a sequence recited i SEQ ID
NO:16 or a portion or variant thereof that differs 1n one or
more amino acid substitutions, insertions, deletions or addi-
tions, such that the polypeptide enhances ubiquitination of
phosphorylated IkB, under conditions and for a time sudfi-
cient to permit interaction between the polypeptide and can-
didate agent; and (b) subsequently evaluating the ability of
the polypeptide to enhance ubiquitination of phosphorylated
IkB, relative to a predetermined ability of the polypeptide to
enhance ubiquitination of phosphorylated IxkB in the absence
of candidate agent; and therefrom 1dentifying an agent that
modulates NF-kB activity. Candidate agents for use within
such screens include, but are not limited to, small molecules
present within a combinatorial library.

These and other aspects of the present imvention will
become apparent upon reference to the following detailed
description and attached drawings. All references disclosed
herein are hereby incorporated by reference 1n their entirety
as 11 each was 1ncorporated individually.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A-1D are autoradiograms depicting the results of
SDS-PAGE analysis of ubiquitination assays performed 1n
the presence and absence of various IkB E3 recognition
motifs. Unless otherwise indicated, the substrate was an >~ S-
labelled, HA-tagged IkB polypeptide that was phosphory-
lated and NF-kB complex-associated.

In FIG. 1A, lane 1 shows the ubiquitination of an IkBa.
polypeptide that contains alanine residues at positions 32 and
36 (S32/36A; SEQ ID NO:13) and lane 2 shows the ubiquiti-
nation of a non-phosphorylated wild-type IkBa. polypeptide
(SEQ ID NO:12). In lanes 3-14, the ubiquitination substrate
was wild-type IkBa. (SEQ 1D NO:12). In lane 3, ubiquitina-
tion was performed in the absence of ATP; and 1n lanes 4-14
the reaction was performed in the presence of ATPyS with
(lanes 5-14) or without (lane 4) an IxkB E3 recognition motif
or other peptide. The peptides shown are: 400 uM c-Fos
phosphopeptide (ppFos (SEQ ID NO:10), lane 35); 400 uM
serine 32, 36 to alanine substituted IxkBa peptide (pp21S/A
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4

(SEQ ID NO:11), lane 6); 40 uM doubly phosphorylated
IkBa peptide (pp21 (SEQ ID NO:9), lane 7); 400 uM non-
phosphorylated IkBa peptide (p21 (SEQ ID NO:9), lane 8);
100 uM singly phosphorylated IxkBa peptides (ppS32 (SEQ
ID NO:9), lane 9; ppS36 (SEQ ID NO:9), lane 10); and 40 uM
shorter, doubly phosphorylated IxkBa peptides (pp19 (SEQ
ID NO:8), lane 11); ppl5 (SEQ ID NO:7), lane 12; ppll
(SEQ ID NQO:6), lane 13; pp”7 (SEQ ID NO:5), lane 14).

In FIG. 1B, the ubiquitination substrate was free wild type
IkBa (SEQ ID NO:12, lanes 1-3) or free S32/36 A substituted
IkBa (SEQ ID NO:13, lanes 4-6). The reaction was per-
formed 1n the absence (lanes 1 and 4) or presence (lanes 2, 3,
5 and 6) of ATPyS. 40 uM doubly phosphorylated IkBa.
peptide (pp21 (SEQ ID NO:9) was added to the conjugation
reaction mixture in the samples shown 1n lanes 3 and 6.

In FIG. 1C, the ubiquitination of bulk cellular proteins in
HelLa extract 1s shown. Lane 1 shows the ubiquitination 1n the
absence ol ATP, and lane 5 shows the ubiquitination 1n the
presence ol ATP. In lanes 3-5, an IkB E3 recognition motif or
other peptide was added: 40 uM doubly phosphorylated IxBa
peptide (pp21 (SEQ ID NO:9), lane 2); 400 uM c-Fos phos-
phopeptide (ppFos (SEQ 1D NO:10), lane 3); and 400 uM
non-phosphorylated IkBa peptide (p21 (SEQ ID NO:9), lane
4).

In FIG. 1D, the ubiquitination substrate was phosphory-
lated (lanes 2-7) or non-phosphorylated (lane 1) wild type
IkBB (SEQ ID NO:14). Reactions were performed in the
absence (lane 2) or presence (lanes 1, 3-7) of ATPyS, and with
(lanes 4-7) or without (lanes 1-3) an IxB E3 recognition motif
or other peptide. The peptides shown are: 40 uM doubly
phosphorylated IkBa. peptide (pp21 (SEQ 1D NO:9), lane 4);
400 uM c-Fos phosphopeptide (ppFos (SEQ ID NO:10), lane
5); 40 uM doubly phosphorylated IkBa. peptide (ppl19 (SEQ
ID NO:8), lane 6); and 400 uM non-phosphorylated IxBa
peptide (p21 (SEQ ID NO:9), lane 7).

FIG. 2 1s an autoradiogram depicting the results of an 1n
vitro ubiquitin-dependent degradation assay performed using
extracts from stimulated HeLa cells. In each lane of the SDS-
PAGE, the level of phosphorylated (upper band) and non-
phosphorylated (lower band) HA-tagged IkBa polypeptide
(SEQ ID NO:12) following the degradation assay 1s shown.
Lane 1 shows the level of these polypeptides following a
degradation assay performed without ATP. In lanes 2-6, ATP
was 1ncluded 1n the reaction mixture. 40 uM candidate modu-
lating agents were added to the reactions shown 1n lanes 3-6:
doubly phosphorylated IxBa peptide (pp21 (SEQ ID NO:9),
lane 3); doubly phosphorylated IkBa. peptide (pp19 (SEQ ID
NO:8), lane 4); c-Fos phosphopeptide (ppFos (SEQ ID
NO:10), lane 35); and non-phosphorylated Ik Ba. peptide (p21
(SEQ ID NO:9), lane 6).

FIG. 3A 1s an autoradiogram depicting the results of SDS-
PAGE analysis of ubiquitination assays performed using
flow-through fractions of Hel.a cell lysate fractionated over
modulating agent columns. In each case, the substrate was a
>>S-labelled, HA-tagged IkBa polypeptide (SEQ ID NO:12)
that was phosphorylated and NF-kB complex-associated.
Lane 1 shows the level of ubiquitination using a non-fraction-
ated extract. In lanes 2-9, the extract was fractionated over a
peptide-Sepharose® column. The peptides used were: c-Fos
phosphopeptide (ppFos (SEQ ID NO:10), lane 2); serine 32,
36 to alanine substituted IxkBa peptide (pp21S/A (SEQ ID
NO:11), lane 3); doubly phosphorylated IxBa. peptide (pp21
(SEQID NO:9), lanes 4-6); and doubly phosphorylated IkxBa
peptide (ppl19 (SEQ ID NO:8), lanes 7-9). In addition, reticu-
locyte Fraction II (160 ug) was added to the ubiquitination
reactions shown 1n lanes 5 and 8, and Fraction I (160 ug) was
added to the reactions 1n lanes 6 and 9.
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FIG. 3B 1s an autoradiogram showing the ubiquitination of
bulk cellular proteins in HelLa extract. Lane 1 shows the
ubiquitination in the absence of ATP, and lane 2 shows the
ubiquitination in the presence of ATP, but without candidate
modulating agent. In lanes 3-6, candidate modulating agents
were added: 40 uM doubly phosphorylated IkBo peptide
(pp19 (SEQ ID NO:8), lane 3); 400 uM c-Fos phosphopeptide
(ppFos (SEQ ID NO:10), lane 4); 400 uM serine 32, 36 to
alanmine substituted IxBo peptide (pp21S/A (SEQ ID NO:11),
lane 5); and 40 uM doubly phosphorylated IxkBa peptide
(pp21 (SEQ ID NO:9), lane 6).

FIGS. 4A-4F are micrographs showing the effect of can-
didate modulating agents on nuclear NF-kB translocation. In
FIGS.4A-C, pp21 (FIGS.4A and4B) or ppFos (FIG. 4C) was
microinjected into the cytoplasm of Hela cells. Cells were
then activated immediately with TNFa and immunostained
with anti-p65 antibodies. In FIGS. 4D-F, pp21 (FIG. 4D) or
ppFos (FIG. 4F) was injected into the cytoplasm of human
vascular endothelial cells (HUVEC). Cells were then acti-
vated immediately with TNFa and immunostained with anti-
E-selectin antibodies. FIG. 4E 1s a phase contrast photograph
of F1G. 4D. In each micrograph, the injected cells are marked

by large arrows. A non-injected, E-selectin negative cell 1s
marked by a small arrow 1n FIGS. 4D and 4E.

FIGS. 4G and 4H are graphs presenting a summary of the
microinjection experiments shown in FIGS. 4A-4F. In FIG.
4G, the percent of Hel.a cells displaying nuclear p65 staining
1s shown. 90 and 42 cells were microinjected with pp21 and
ppFos, respectively. FIG. 4H shows the percent of HUVEC
displaying E-selectin staining. 160 and 36 cells were micro-
injected with pp21 and ppFos, respectively. For each graph,
column 1 shows the level 1n the absence of an IkB E3 recog-
nition motif or other peptide and TNF ¢ activation. Columns
2-4 show the level following TNFa activation 1n the absence
of peptide (column 2) or in the presence of pp21 (column 3)
or ppFos (column 4).

FIG. 5 1s an autoradiogram depicting the results of a West-
ern blot analysis showing the immunoprecipitation of pIkBa-
associated ubiquitin-ligase activity from TNFa-activated
cells. The plkBo/NF-kB complex was immunoprecipitated
from proteasome-inhibited, TNFa-stimulated or non-stimu-
lated Hela cells and subjected to in vitro ubiquitination upon
addition of ubiquitin, ATP-vyS and the following components:
lane 1, UBCS5C:; lane 2, UBCSC and E1; lane 3, none; lanes
4-6, UBC5C and E1 as indicated; lane 7. UBCS5C, E1 and
plkBa-peptide; lane 8, UBCS5C, E1 and serine-substituted
IkBa peptide; lane 9, a sample of TNFa-stimulated Hel a
lysate. Cell-stimulation 1s indicated 1in the TNFo row. Mono-
meric and ubiquitin-conjugated IkBa. are marked at the left,
bottom and top of the figure.

FIG. 6 1s an autoradiogram 1llustrating the association of

the ubiquitin-ligase with the IkBa/NF-kB complex, follow-
ing IKK-phosphorylation of IxBa at the DSGLDS (SEQ ID

NOs:8 and 19) site. *>S-labeled IxkBa/NF-kB complex
immunopurified from non-activated cells was phosphory-
lated by IKK-2EE (where marked by + at the top), incubated
with non-activated Hela lysate as an E3 source, washed and
subjected to 1n vitro ubiquitination in the presence of ATPyS,
ubiquitin, E1, UBC5C (except where an excluded component
1s indicated by Abst Ub-Enz). Lanes 2-7 show phosphoryla-
tion by IKK; lanes 1 and 3-7 show the effect of incubation
with Hela lysate; 1n lane 4, a plkBa peptide was added
during the incubation with Hel.a lysate: 1n lane 5, serine-
substituted IxBa peptide was added during HelLa incubation;
in lane 6, E1 was omitted from the ubiquitination stage; and 1in
lane 7, UBC5C was omitted during ubiquitination.
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FIGS. 7A and 7B illustrate the identification of IkBa.-
binding proteins associated with ubiquitin-ligase activity.
FIG. 7A 1s a photograph showing Colloidal Blue staining of
SDS-polyacrylamide gel samples of immunopurified frac-
tions containing IKkBa/NF-kB and associated proteins. IxkBa/
NF-kB complex was phosphorylated by IKK-2EE (lanes 2, 3)
or mock-phosphorylated and used to adsorb the ubiquitin-
ligase from Hel a lysate (lanes 1, 2). Molecular-size markers
(kD) are indicated on the right. Proteins 1dentified by mass-
spectrometry analysis are indicated on the left. Gel-sites cor-
responding to the bands associated with the ubiquitin-ligase
activity (p54 and p58) are marked on the left by brackets. FIG.
7B 1s an autoradiogram of proteins adsorbed onto pIlk Ba/NF -
kB from °°S-labeled HeLa cells. Radiolabeled HeLa lysate
was incubated with IKK-phosphorylated antibody-immobi-
lized IKBa/NF-kB complex. The immune-complexes were
then washed, eluted and analyzed by SDS-PAGE and autora-
diography. Lane 1 shows non-phosphorylated IkBo/NF-kB
complex incubated with HelLa lysate; lanes 2-4 show phos-
phorylated IkBo/NF-kB-complex incubated with Hela
lysate 1n the absence (lane 2) or presence of plkBao-peptide
(lane 3) or serine-substituted IkBo-peptide (lane 4). Indi-
cated on the left are molecular size markers (kD), Rel A and
IkBa bands; indicated 1n the right are the four pIlkBa-asso-
ciated bands, three of which were displaced by the plkBa
peptide (arrows).

FIGS. 8A-8D show the results of a mass-spectrum analysis
of ubiquitin-ligase associated p54. FIG. 8A shows a nano-
clectrospray mass spectrum of the unseparated tryptic peptide
mixture from the 34 kD gel band excised from a ligase-
positive lane (equivalent to lane 2 in FI1G. 7B). Peaks marked
by arrows were fragmented and identified as peptides derived
from (3-TrCP. The bar indicates the region enlarged in C.
FIGS. 8B and 8C present a comparison of the nanoelectro-
spray spectra of the 54 kD band associated with (C) and
without (B) ubiquitin-ligase activity The peptide at m/z
714.38 was selected for sequencing. FIG. 8D 1s a fragmenta-
tion spectrum of the peptide identified in FI1G. 8C. A sequence
tag was assembled from a series of doubly charged fragment
ions and searched in the nrdb data-base for a matching pat-
tern. Fragment masses calculated for the retrieved p-TrCP
sequence AAVNVVDFDDKYIVSASGDR (SEQ ID NO:20)
were compared with the complete fragmentation spectrum to
confirm the match. Peaks matching expected fragment 1ons
are marked by circles.

FIGS. 9A and 9B present the sequence of a polynucleotide
encoding a human E3 ubiquitin ligase (SEQ 1D NO:13).

FIG. 10 presents a human E3 ubiquitin ligase protein
sequence (SEQ ID NO:16).

FIGS. 11A-11C are Western blots illustrating binding and
ubiquitination specificity of E3 ubiquitin ligase family mem-
bers. Within these figures, m3-TrCP indicates mouse 3-1rCP,
h3-TrCP 1ndicates human [3-TrCP, Ap-TrCP indicates human
B3-TrCP with a deletion of the F box region and Slimb indi-
cates the Drosophila Slimb protein. FIG. 11A 1llustrates
selective binding to plkBa. Proteins were immunoprecipi-
tated through a FLAG epitope from transiected 2937 cells,
incubated with 1mmunopurified IkBa/NF-kB complex,
which had been treated (-/+1KK) as indicated and the bound
material was analyzed by Western blotting with the indicated
antibodies. The top panel shows specific plkBa binding; the
middle panel shows 10% of the substrate flow-through; the
bottom panel 1s a blot of the immunoprecipitated proteins;
and molecular size markers (kD) are indicated on the left.
FIG. 11B shows that p-TrCP-plkBa binding 1s abrogated by
a phosphopeptide representing the plkBao degradation motif
(pp10), but not by a related non-phosphorylated peptide (pS/
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A). FIG. 11C 1illustrates 1n vitro ubiquitination of plkBa. by
the E3 family member proteins. Immunopurified FLAG-
tagged proteins were incubated with *>S-labeled IxBo/NF-
KB complexes, treated (—/+IKK) as indicated and subject to
ubiquitination in the presence of ATPyS, ubiquitin. E1 and
UBCS5C. The IkBa substrate (composed of full-length and
two degradation products), plkBa-polyubiquitin conjugates
and molecular size markers are indicated on the left.

FIGS. 12A and 12B illustrate inhibition of IxBa degrada-
tion and NF-kB activation by overexpression of AR-TrCP, a
dominant negative molecule. FIG. 12A 1s a graph depicting
the results of a kB-dependent luciferase assay in P/I-stimu-
lated Jurkat cells transfected with kB-Luc reporter plasmid
and the mndicated expression vectors (1.e., from left to right,
vector alone, vector encoding human 3-TrCP, vector encod-
ing human (3-TrCP with a deletion of the F box region and
vector encoding Drosophila Slimb protein). NF-kB activity 1s
shown as relative (fold) luciferase activity, the non-stimulated
empty FLAG vector being the reference (single-fold). FIG.
12B depicts the results of western blot analysis of IkBa. of
phorbol-ester and Ca™™ 1onophore [P/I]-stimulated and non-
stimulated Jurkat cells transtected with an empty FLAG vec-
tor or Ap-TrCP. The post-stimulation interval (min) 1s 1ndi-
cated.

DETAILED DESCRIPTION OF THE INVENTION

As noted above, the present invention 1s generally directed
to compositions and methods useful for modulating the acti-
vation of nuclear factor kB (NF-kB) and for treating diseases
associated with such activation. In particular, the invention 1s
directed to agents that modulate ubiquitination of phospho-
rylated IxB (1.e., IxkBa and/or IkBf3). Such ubiquitination
results 1n the release and activation of NF-kB.

The present mnvention 1s based, 1n part, on the identification
and characterization of a human E3 ubiquitin ligase that rec-
ognizes phosphorylated and NF-kB-associated IkB.
Polypeptides comprising this E3 ubiquitin ligase, as well as
portions and other variants thereof, may be used to modulate
NF-kB activity in vitro or in a patient. Such polypeptides may
also be used, for example, to 1dentily agents (such as small
molecules) that may be used to modulate NF-kB activity, and
to treat disorders associated with abnormal NF-kB activation.

Human E3 Ubiquitin Ligase Polypeptides and Polynucle-
otides

It has been found, within the context of the present inven-
tion, that a human E3 ubiquitin ligase that migrates as a 54 kD
protein binds to, and enhances ubiquitination of, phosphory-
lated IxBo. (phosphorylated Ik Ba. 1s also designated herein as
plkBa). The sequence of a polynucleotide encoding a human
E3 ubiquitin ligase 1s provided in FIG. 9 and SEQ ID NO:13;
and a full length human E3 ubiquitin ligase protein sequence
1s provided 1n FIG. 10 and SEQ ID NO:16. Human E3 ubig-
uitin ligase has also been found, within the context of the
present invention, to be a member of a family of F-box/WD
proteins that includes p-TrCP (Margottin et al., Mol. Cell
1:565-574, 1998) and the Drosophila Slimb protein (see Jiang
and Struhl, Nature 391:493-496, 1998). As described 1n
greater detail below, other members of this family share cer-
tain properties of E3, and such proteins and variants thereof
may be used within certain methods provided herein for E3.

Human E3 ubiquitin ligase polypeptides encompassed by
the present invention include native human E3 ubiquitin
ligase (also referred to herein as “E3”), as well as portions and
other variants thereof. Variants of E3 may differ in sequence
from native E3 due to one or more amino acid substitutions,
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deletions, additions and/or insertions, as described herein,
provided that the variant binds to and enhances ubiquitination
of an IkB polypeptide as described herein. Preferably, a vari-
ant of E3 contains amino acid substitutions at no more than
20%, preterably no more than 15% and more preferably no
more than 10%, of the residues recited 1n SEQ ID NO:16.
Variants further include truncated polypeptides and polypep-
tides containing additional amino acid sequences that have
minimal influence on the activity of the polypeptide. A human
E3 ubiquitin ligase polypeptide may be of any length pro-
vided that it retains the recited properties. In other words,
such a polypeptide may be an oligopeptide (1.e., consisting of
arelatively small number of amino acid residues, such as 8-10
residues, joined by peptide bonds), a full length protein (or
variant thereof) or a polypeptide of intermediate size (e.g., 20,
50, 200 or 400 amino acid residues).

Certain variants contain conservative substitutions. A
“conservative substitution” 1s one 1n which an amino acid 1s
substituted for another amino acid that has similar properties,
such that one skilled in the art of peptide chemistry would
expect the secondary structure and hydropathic nature of the
polypeptide to be substantially unchanged. Amino acid sub-
stitutions may generally be made on the basis of similarity 1n
polarity, charge, solubility, hydrophobicity, hydrophilicity
and/or the amphipathic nature of the residues. For example,
negatively charged amino acids include aspartic acid and
glutamic acid; positively charged amino acids include lysine
and arginine; and amino acids with uncharged polar head
groups having similar hydrophilicity values include leucine,
isoleucine and valine; glycine and alanine; asparagine and
glutamine; and serine, threonine, phenylalanine and tyrosine.
Other groups of amino acids that may represent conservative
changes include: (1) ala, pro, gly, glu, asp, gln, asn, ser, thr;
(2) cys, ser, tyr, thr; (3) val, ile, leu, met, ala, phe; (4) lys, arg,
his; and (5) phe, tyr, trp, his. A variant may also, or alterna-
tively, contain nonconservative changes. Variants may also
(or alternatively) be modified by, for example, the deletion or
addition of amino acids that have minimal influence on the
immunogenicity, secondary structure and hydropathic nature
of the polypeptide.

As noted above, certain E3 polypeptides may contain addi-
tional amino acid sequences at the amino and/or carboxy
termini. For example, an E3 sequence may be conjugated to a
signal (or leader) sequence at the N-terminal end of the pro-
tein which co-translationally or post-translationally directs
transier of the protein. A polypeptide may also, or alterna-
tively, be conjugated to a linker or other sequence for ease of
synthesis, purification or identification of the polypeptide
(e.g., poly-His), or to enhance binding of the polypeptide to a
solid support. For example, a polypeptide may be conjugated
to an immunoglobulin Fc¢ region.

The ability of an E3 polypeptide to bind to phosphorylated
IkB may be readily determined using any binding assay
known to those of ordinary skill in the art. For example,
plk Ba/NF-kB complexes may be incubated with immobi-
lized E3 polypeptide, and the level of IKBa binding evaluated
using anti-IkBa antibodies (in, for example, a Western blot).
Within such assays, an E3 polypeptide should bind detectably
to the IxkBa; preferably the E3 polypeptide binds at a level
that 1s not substantially diminished relative to the native
human E3. In other words, the ability of a variant to bind
detectably to phosphorylated and complexed IkBa. may be
enhanced or unchanged, relative to the native polypeptide, or
may be diminished by less than 50%, and preferably less than
20%, relative to the native polypeptide. It will be apparent that
other suitable substrates may be substituted for pIk Ba/NF-
KB complexes within such assays.
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The ability of an E3 polypeptide to enhance ubiquitination
ol phosphorylated IkB may be assessed by incubating the
polypeptide with IxkBa/NF-kB complex, along with ATPyS,
ubiquitin E1 and ubiquitin E2, and detecting the slow-moving
IxkBa-ubiquitin conjugates by Western blot using IxBao-spe-
cific antibodies, as described herein. In general, an E3
polypeptide should result 1n a detectable level of ubiquitina-
tion within such an assay; preferably the level of ubiquitina-
tion 1s not substantially diminished relative to the level of
ubiquitination generated by a similar amount of native human
E3.

Also encompassed by the present invention are polypep-
tides comprising a portion or other variant of E3 that retains
the ability to bind to phosphorylated IkB, but does not retain
the ability to enhance ub1qu1t1nat1011 of IkB. Such polypep-
tides may be readily identified using the binding assays and
ubiquitination assays provided herein, and may generally be
used to inhibit ubiquitination of IkB. Such polypeptides
include those from which the F-box region (i.e., a region of
the protein that interacts with one or more components of the
ubiquitin cascade) has been deleted. F box regions may gen-
crally be identified functionally (1.e., deletion of an F-box
region results in a protein that tails to recruit approprate
components of the ubiquitin machinery) and based on the
present of an F-box region consensus sequence (see Patton et
al., Trends 1 Genet. 14:236-243, 1998) Certain such
polypeptldes contain a deletion of amino acids 122-168 of
SEQ ID NO:16. Within certain embodiments, portions of E3
may comprise 10 to 374 consecutive amino acid residues,
preferably 30 to 250, consecutive amino acid residues of the
sequence recited in SEQ ID NO:16.

The present ivention further provides polynucleotides
that encode an E3 polypeptide as provided herein. Any poly-
nucleotide that encodes such a polypeptide, or a portion or
variant thereol as described herein, 1s encompassed by the
present invention. Such polynucleotides may be single-
stranded (coding or antisense) or double-stranded, and may
be DNA (genomic, cDNA or synthetic) or RNA molecules.
Additional coding or non-coding sequences may, but need not
be present within a polynucleotide of the present invention,
and a polynucleotide may, but need not, be linked to other
molecules and/or support materials.

Native DNA sequences encoding a human E3, or portion
thereot, may be 1solated using any of a variety of hybridiza-
tion or amplification techmques, which are well known to
those of ordinary skill in the art. Within such techniques,
probes or primers may be designed based on the E3 sequence
provided herein, and may be purchased or synthesized.
Libraries from any suitable tissue may be screened. An ampli-
fied portion or partial cDNA molecule may then be used to
isolate a full length gene from a genomic DNA library or from
a CDNA library, using well known techniques. Alternatively,
a full length gene can be constructed from multiple PCR
fragments. Partial and full length polynucleotides comprising
such sequences, other portions of full length polynucleotides,
and sequences complementary to all or a portion of such tull
length molecules, are specifically encompassed by the
present invention. In addition, homologues from other spe-
cies are specifically contemplated, and may generally be pre-
pared as described herein.

Polynucleotide variants of the recited sequences may difier

from a native E3 polynucleotide in one or more substitutions,
deletions, insertions and/or additions. Preferred variants con-
tain nucleotide substitutions, deletions, insertions and/or
additions at no more than 20%, preferably at no more than
10%, of the nucleotide positions. Certain variants are substan-
tially homologous to a native gene, or a portion or comple-

10

15

20

25

30

35

40

45

50

55

60

65

10

ment thereol. Such polynucleotide variants are capable of
hybridizing under moderately stringent conditions to a natu-
rally occurring DNA sequence encoding an E3 protein (or a
complementary sequence). Suitable moderately stringent
conditions include prewashing 1n a solution of 5xSSC, 0.5%
SDS, 1.0 mM EDTA (pH 8.0); hybrnidizing at 50° C.-65° C.,
SxSSC, overnight; followed by washing twice at 65° C. for 20
minutes with each of 2x, 0.5x and 0.2xS5C containing 0.1%
SDS). Such hybridizing DNA sequences are also within the
scope of this invention.

It will be appreciated by those of ordinary skill 1n the art
that, as a result of the degeneracy of the genetic code, there are
many nucleotide sequences that encode a polypeptide as
described herein. Some of these polynucleotides bear mini-
mal homology to the nucleotide sequence of any native gene.
Nonetheless, polynucleotides that vary due to diflerences in
codon usage are specifically contemplated by the present
invention.

As noted above, the present mvention further provides
antisense polynucleotides and portions of any of the above
sequences. Such polynucleotides may generally be prepared
by any method known 1n the art including, for example, solid
phase phosphoramidite chemical synthesis. Alternatively,
RNA molecules may be generated by in vitro or mn vivo
transcription of DNA sequences that are incorporated into a
vector downstream of a suitable RNA polymerase promoter
(such as T3, T7 or SP6). Certain portions of a polynucleotide
may be used to prepare an encoded polypeptide, as described
herein. In addition, or alternatively, a portion may function as
aprobe (e.g., to detect E3 expression in a sample), and may be
labeled by a variety of reporter groups, such as radionuclides,
fluorescent dyes and enzymes. Such portions are preferably at
least 10 nucleotides 1n length, and more preferably at least 20
nucleotides 1n length. Within certain preferred embodiments,
a portion for use as a probe comprises a sequence that i1s
unique to an E3 gene. A portion of a sequence complementary
to a coding sequence (1.e., an antisense polynucleotide) may
also be used as a probe or to modulate gene expression. DNA
constructs that can be transcribed into antisense RNA may
also be mtroduced into cells or tissues to facilitate the pro-
duction of antisense RINA.

Any polynucleotide may be further modified to increase
stability 1n vivo. Possible modifications include, but are not
limited to, the addition of flanking sequences at the 5' and/or
3' ends; the use of phosphorothioate or 2' O-methyl rather
than phosphodiesterase linkages in the backbone; and/or the
inclusion of nontraditional bases such as 1nosine, queosine
and wybutosine, as well as acetyl- methyl-, thio- and other
modified forms of adenine, cytidine, guanine, thymine and
uridine.

Polynucleotides as described herein may be joined to a
variety of other nucleotide sequences using established
recombinant DNA techniques. For example, a polynucleotide
may be cloned 1into any of a variety of cloning vectors, mnclud-
ing plasmids, phagemids, lambda phage derivatives and
cosmids. Vectors of particular interest include expression
vectors, replication vectors, probe generation vectors and
sequencing vectors. In general, a vector will contain an origin
of replication functional 1n at least one organism, convenient
restriction endonuclease sites and one or more selectable
markers. Additional imitial, terminal and/or interveming DINA
sequences that, for example, facilitate construction of readily
expressed vectors may also be present. Suitable vectors may
be obtained commercially or assembled from the sequences
described by methods well-known 1n the art. Other elements
that may be present 1n a vector will depend upon the desired
use, and will be apparent to those of ordinary skill 1n the art.
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Vectors as described herein may generally be transfected
into a suitable host cell, such as a mammalian cell, by meth-
ods well-known 1n the art. Such methods include calcium
phosphate precipitation, electroporation and microinjection.

E3 polypeptides may generally be prepared using standard
automated synthesis techniques or by expression of recoms-
binant DNA encoding the desired polypeptide. In general,
peptides may be prepared synthetically using standard tech-
niques, incorporating amino acids and/or amino acid analogs.
During synthesis, active groups of amino acids and/or amino
acid analogs may be protected as necessary using, for
example, a t-butyldicarbonate (t-BOC) group or a fluorenyl-
methoxy carbonyl (FMOC) group. Amino acids and amino
acid analogs may be purchased commercially (e.g., Sigma
Chemical Co.; Advanced Chemtec) or synthesized using
methods known 1n the art. Peptides may be synthesized using
a solid phase method, 1n which the peptides are attached to a
resin such as 4-methylbenzhydrylamine (MBHA), 4-(oxym-
cthyl)-phenylacetamido methyl- and 4-(hydroxymethyl)phe-
noxy methyl-copoly(styrene-1% divinylbenzene) (Wang
resin), all of which are commercially available, or to p-ni-
trobenzophenone oxime polymer (oxime resin) which can be
synthesized as described by De Grado and Kaiser, J. Org.
Chem. 47:3258, 1982. Those skilled 1in the art will realize that
the choice of amino acids and/or amino acid analogs will
depend, 1n part, on the specific physical, chemical or biologi-
cal characteristics desired. Such characteristics are deter-
mined, 1n part, by the method of administration and the target
location within a patient.

Selective modification of the reactive groups 1n a peptide
can also impart desirable characteristics. Peptides can be
manipulated while still attached to the resin to obtain N-ter-
minal modified compounds such as an acetylated peptide or
can be removed from the resin using hydrogen fluoride or an
equivalent cleaving agent and then modified. Compounds
synthesized containing the C-terminal carboxy group (Wang
resin) can be modified after cleavage from the resin or, in
some cases, prior to solution phase synthesis. Methods for
moditying the N-terminus or C-terminus of a peptide are well
known 1n the art and include, for example, methods for acety-
lation of the N-terminus or amidation of the C-terminus.
Similarly, methods for modifying side chains of the amino
acids or amino acid analogs are well known to those skilled 1n
the art of peptide synthesis. The choice of modifications made
to reactive groups present on the peptide will be determined
by the desired characteristics.

An B3 polypeptide may also be a cyclic peptide. A cyclic
peptide can be obtained by inducing the formation of a cova-
lent bond between, for example, the amino group at the N-ter-
minus of the peptide and the carboxyl group at the C-termi-
nus. Alternatively, a cyclic peptide can be obtained by
forming a covalent bond between a terminal reactive group
and a reactive amino acid side chain or between two reactive
side chains. It will be apparent to those of skill in the art that
a cyclic peptide 1s selected based on the desired properties.
For example, a cyclic peptide may provide increased stability,
increased solubility, decreased immunogenicity or decreased
clearance 1n vivo.

A newly synthesized peptide can be purified using a
method such as reverse phase high performance liquid chro-
matography (RP-HPLC) or other methods of separation
based on size or charge. Furthermore, a purified peptide can
be characterized using these and other well known methods
such as amino acid analysis and mass spectrometry.

Alternatively, polypeptides may generally be prepared
from nucleic acid encoding the desired polypeptide using
well known techniques. To prepare an endogenous protein, an
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1solated cDNA may be used. To prepare a variant polypeptide,
standard mutagenesis techniques, such as oligonucleotide-
directed site-specific mutagenesis may be used, and sections
of the DNA sequence may be removed to permit preparation
of truncated polypeptides.

In general, any of a variety of expression vectors known to
those of ordinary skill in the art may be employed to express
recombinant polypeptides of this invention. Expression may
be achieved 1n any appropriate host cell that has been trans-
formed or transfected with an expression vector containing a
DNA sequence that encodes arecombinant polypeptide. Suit-
able host cells include prokaryotes, yeast, baculovirus-in-
tected insect cells and animal cells. Following expression,
supernatants from host/vector systems which secrete recom-
binant protein or polypeptide into culture media may be first
concentrated using a commercially available filter. Following
concentration, the concentrate may be applied to a suitable
purification matrix such as an affinity matrix or an 1on
exchange resin. One or more reverse phase HPLC steps can
be employed to further purity a recombinant polypeptide.

In general, polypeptides and polynucleotides as described
herein are 1solated. An ““1solated” polypeptide or polynucle-
otide 1s one that1s removed from its original environment. For
example, a naturally-occurring protein is 1solated if it 1s sepa-
rated from some or all of the coexisting materials in the
natural system. Preferably, polypeptides provided herein are
1solated to a purity of at least 80% by weight, more preferably
to a purity of at least 95% by weight, and most preferably to
a purity of at least 99% by weight. In general, such purifica-
tion may be achieved using, for example, the standard tech-
niques of ammonium sulfate fractionation, SDS-PAGE elec-
trophoresis, and aifinity chromatography. A polynucleotide 1s
considered to be 1solated 11, for example, it 1s cloned 1nto a
vector that 1s not a part of the natural environment.

Antibodies

The present invention further provides antibodies, and anti-
gen-binding fragments thereof, that specifically bind to an E3
polypeptide. As used herein, an antibody, or antigen-binding
fragment, 1s said to “specifically bind” to a polypeptide 11 1t
reacts at a detectable level (within, for example, an ELISA)
with the polypeptide, and does not react detectably with unre-
lated proteins. Antibodies may be polyclonal or monoclonal.
Preferred antibodies are those antibodies that inhibit or block
E3 activity and within a ubiquitination assay as described
herein. Other preferred antibodies (which may be used, for
example, 1n 1mmunokinase assays) are those that immuno-
precipitate active B3, as determined using any standard assay,
such as an assay provided herein.

Antibodies may be prepared by any of a variety of tech-
niques known to those of ordinary skill 1n the art (see, e.g.,
Harlow and Lane, Antibodies: A Laboratory Manual, Cold
Spring Harbor Laboratory, 1988). In one such technique, an
immunogen comprising the polypeptide 1s mitially mjected
into a suitable animal (e.g., mice, rats, rabbits, sheep and
goats), preferably according to a predetermined schedule
incorporating one or more booster immunizations, and the
ammals are bled periodically. Polyclonal antibodies specific
for the polypeptide may then be purified from such antisera
by, for example, atfinity chromatography using the polypep-
tide coupled to a suitable solid support.

Monoclonal antibodies may be prepared, for example,
using the technique of Kohler and Milstein, Fur. J. Immunol.
6:511-519, 1976, and improvements thereto. Brietly, these
methods involve the preparation of immortal cell lines
capable of producing antibodies having the desired specific-
ity (1.e., reactivity with the polypeptide of interest). Such cell
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lines may be produced, for example, from spleen cells
obtained from an animal immunized as described above. The
spleen cells are then immortalized by, for example, fusion
with a myeloma cell fusion partner, preferably one that 1s
syngeneic with the immunized animal. For example, the
spleen cells and myeloma cells may be combined with a
nonionic detergent for a few minutes and then plated at low
density on a selective medium that supports the growth of
hybrid cells, but not myeloma cells. A preferred selection
technique uses HAT (hypoxanthine, aminopterin, thymidine)
selection. After a suflicient time, usually about 1 to 2 weeks,
colonies of hybrids are observed. Single colonies are selected
and tested for binding activity against the polypeptide. Hybri-
domas having high reactivity and specificity are preferred.

Monoclonal antibodies may be 1solated from the superna-
tants of growing hybridoma colonies. In addition, various
techniques may be employed to enhance the vield, such as
injection of the hybridoma cell line 1nto the peritoneal cavity
of a suitable vertebrate host, such as a mouse. Monoclonal
antibodies may then be harvested from the ascites fluid or the
blood. Contaminants may be removed from the antibodies by
conventional techniques, such as chromatography, gel filtra-
tion, precipitation, and extraction.

Within certain embodiments, the use of antigen-binding,
fragments of antibodies may be preferred. Such fragments
include Fab fragments, which may be prepared using stan-
dard techniques. Briefly, immunoglobulins may be purified
from rabbit serum by aflinity chromatography on Protein A
bead columns (Harlow and Lane, Antibodies: A Laboratory
Manual, Cold Spring Harbor Laboratory, 1988) and digested
by papain to yield Fab and Fc fragments. The Fab and Fc
fragments may be separated by, for example, ailinity chroma-
tography on protein A bead columns.

Ubiquitination Assays

As noted above, the ability of an E3 polypeptide to modu-
late ubiquitination of phosphorylated IxB may be assessed by
incubating the polypeptide with IkBo/NF-kB complex (or
any other suitable substrate), along with ATPyS, ubiquitin E1
and ubiquitin E2, and detecting IkBo.-ubiquitin conjugates
by, for example, Western blot using IkBa-specific antibodies.
IkB polypeptides for use 1 a ubiquitination assay as
described herein may be native human IxkBa, (SEQ 1D NO:1)
or IxkBf (SEQ ID NO:3), or may be a variant of a native
protein. Polypeptide variants of IkB are generally modified
such that the ability of the variant to be phosphorylated and
ubiquitinated within a ubiquitination assay as described
herein 1s not substantially diminished. An IkB polypeptide
may be labeled. For example, >>S may be incorporated into a
IkB polypeptide by 1n vitro translation of the polypeptide 1n
the presence of *>S-methionine, using standard techniques.

An IkB polypeptide may generally be prepared from DNA
encoding the polypeptide by expression of the DNA 1n cul-
tured host cells or by translation using an 1n vitro system such
as wheat germ extract. I1 host cells are employed, such cells
are preferably are bacteria, yeast, baculovirus-infected insect
cells or mammalian cells. The recombinant DNA may be
cloned 1nto any expression vector suitable for use within the
host cell, using techniques well known to those of ordinary
skill i the art. In vitro translation of polypeptide may gener-
ally be performed according to the manufacturer’s instruc-
tions.

Expressed IkB polypeptides may be used without purifi-
cation following in vitro translation. Alternatively, a polypep-
tide may be 1solated in substantially pure form. An IkB
polypeptide may be isolated to a purity of at least 80% by
weight, preferably to a purity of at least 95% by weight, and

10

15

20

25

30

35

40

45

50

55

60

65

14

more preferably to a purnity of at least 99% by weight. In
general, such purification may be achieved using, for
example, the representative purification method described
herein or the standard techniques of ammonium sulfate frac-
tionation. SDS-PAGE electrophoresis, and affinity chroma-
tography.

Certain ubiquitination assays may employ a cellular E3 to
characterize modulators of E3 activity. Within such assays,
cellular extracts from stimulated or non-stimulated Jurkat,
HelLa, THP-1 or endothelial cells may be incubated 1n vitro
with an IkB polypeptide in the presence of ATP and the
phosphatase 1nhibitor okadaic acid. Cellular extracts may
generally be prepared according to the method of Alkalay et
al., Proc. Natl. Acad. Sci. USA 92:10599, 19935, The incuba-
tion 1s performed under conditions suificient to result in phos-
phorylation of the IkB polypeptide (at serines 32 and 36 for
IkBa and variants thereof) and association of the phospho-
rylated polypeptide (pIkB) with the cellular-derived NF-kB
complex. For example, IkB polypeptide may be incubated
with HelLa or Jurkat cell extract, ATP and okadaic acid. Incu-
bation for 90 minutes at 30° C. 1s generally suificient to allow
phosphorylation of the IkB polypeptide. Following this incu-
bation, the pIkB/NF-kB complex may be immunopurified
with, for example, anti-p635 antibodies and subjected to 1n
vitro ubiquitination 1 a cell free system, as described by
Alkalay et al., Proc. Natl. Acad. Sci. USA 92:10599, 1995.
The level of ubigquitination may then be evaluated using the
well known techniques of SDS-PAGE, followed by autorad-
10graphy.

Under these conditions, a wild type >S-pIkBa polypep-
tide generates multiply ubiquitinated species 1n the presence
of ATPYS (see FIG. 1A, lane 4). Neither >>S-labeled S32/36A
mutant ol IxkBa (lane 1), nor the non-phosphorylated wild
type °S-IkBa (lane 2) are ubiquitinated. However, free
forms of either mutant or wild type IkBa. are readily conju-
gated (FIG. 1B). Similarly, a free (but not a complex-associ-
ated) lysine 21, 22 mutant of IkBa. can be ubiquitinated 1n
vitro. Thus, unlike ubiquitination assays performed using free
IkB polypeptides, the ubiquitination assay provided herein
targets only IkB polypeptides that are complex-associated
and appropriately phosphorylated.

A ubiguitination assay as described above may be used to
identify agents that modulate ubiquitination of IkB. Modu-
lating agents may include antibodies (e.g., monoclonal), pep-
tides, small molecules (e.g., from a combinatorial library) and
other drugs that stimulate or, preferably, inhibit ubiquitina-
tion of an IkBa and/or IkBp polypeptide. In general, such
agents may be identified by including a candidate modulating
agent 1n the ubiquitination reaction, which may otherwise be
performed as described above, and evaluating the effect of the
agent on the level of ubiquitination. A suitable concentration
of candidate agent for use 1n such an assay generally ranges
from about 0.1 uM to about 1 mM. For peptide candidate
agents, a peptidase inhibitor such as Bestatin (40 ug/mL ) may
also be added, and the amount of peptide preferably ranges
from about 10 uM to about 1 mM. A candidate agent that
results 1n a statistically significant effect on the level of ubig-
uitination 1s a modulating agent encompassed by the present
invention.

Agents may be further evaluated by microinjection of the
agent (e.g. about 5 mg/mL of a peptide agent) 1into a suitable
cell (e.g., HelLa cell or primary human vascular endothelial
cell). Following microinjection, cells may be stimulated (e.g.,
with TNFa) and incubated to allow NF-kB activation. In
HelLa cells, TNFa 1nduces rapid nuclear translocation of
NF-kB into the nucleus, which may be detected by staining
with p65-specific antibodies. Modulating agents induce a
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statistically significant decrease in NF-kB translocation, and
may reduce such translocation to undetectable levels.
Primary human wvascular endothelial cells (HUVEC)
respond to TNFa. stimulation by surface expression of NF-kB
regulated adhesion proteins such as ICAM-1, V-CAM-1 and
E-selectin (Read et al., Immunity 2:493, 1995, Chen et al., J.
Immunol 155:3538, 1995). E-selectin expression 1s particu-
larly NF-kB dependent and 1s the major inducible endothelial
adhesion molecule for mitial neutrophil attachment and roll-
ing on activated endothelium. Stimulated cells may be fixed
and stained to detect expression of one or more NF-kB regu-
lated adhesion proteins. Microinjection of a polypeptide or
other modulating agent results in a statistically significant
inhibition of such expression, but does not atiect the expres-

sion of NF-kB independent adhesion proteins, such as
ICAM2.

Therapeutic Applications

As noted above, certain E3 polypeptides, polynucleotides,
antibodies and other agents as described herein may generally
be used as modulating agents to specifically inhibit or
enhance cellular NPF-kB functions. Modulating agents may
also be used to modulate ubiquitination of IxBa and/or Ik B3
in a patient, thereby modulating NF-kB cellular function 1n
vivo. As used herein, a “patient” may be any mammal, includ-
ing a human, and may be afflicted with a disease associated
with NF-kB activation, or may be free of detectable disease.
Accordingly, the treatment may be of an existing disease or
may be prophylactic. Diseases associated with NF-kB acti-
vation include, but are not limited to, inflammatory diseases,
autoimmune diseases, cancer and viral infection.

Treatment refers to administration of a modulating agent as
described herein. For administration to a patient, one or more
such compounds are generally formulated as a pharmaceuti-
cal composition. A pharmaceutical composition may be a
sterile aqueous or non-aqueous solution, suspension or emul-
s10n, which additionally comprises a physiologically accept-
able carrier (1.e., a non-toxic material that does not interfere
with the activity of the active ingredient). Any suitable carrier
known to those of ordinary skill in the art may be employed in
the pharmaceutical compositions of the present mvention.
Representative carriers include physiological saline solu-
tions, gelatin, water, alcohols, natural or synthetic oils, sac-
charide solutions, glycols, imjectable organic esters such as
cthyl oleate or a combination of such materials. Optionally, a
pharmaceutical composition may additionally contain preser-
vatives and/or other additives such as, for example, antimi-
crobial agents, anti-oxidants, chelating agents and/or inert
gases, and/or other active ingredients.

Alternatively, a pharmaceutical composition may com-
prise a polynucleotide encoding a modulating agent (such
that the modulating agent 1s generated 1n si1tu) 1n combination
with a physiologically acceptable carrier. In such pharmaceu-
tical compositions, the polynucleotide may be present within
any of a variety of delivery systems known to those of ordi-
nary skill in the art, including nucleic acid, bacterial and viral
expression systems, as well as colloidal dispersion systems,
including liposomes. Appropriate nucleic acid expression
systems contain the necessary polynucleotide sequences for
expression 1n the patient (such as a suitable promoter and
terminating signal). DNA may also be “naked,” as described,

for example, 1n Ulmer et al., Sciernce 259:1745-1749, 1993.

Various viral vectors that can be used to introduce a nucleic
acid sequence 1nto the targeted patient’s cells include, but are
not limited to, vaccinia or other pox virus, herpes virus, ret-
rovirus, or adenovirus. Techniques for imncorporating DNA
into such vectors are well known to those of ordinary skill 1n
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the art. Preferably, the retroviral vector 1s a derivative of a
murine or avian retrovirus including, but not limited to, Molo-
ney murine leukemia virus (MoMuLV), Harvey murine sar-
coma virus (HaMuSV), murine mammary tumor virus
(MuMTV), and Rous Sarcoma Virus (RSV). A retroviral
vector may additionally transfer or incorporate a gene for a
selectable marker (to aid 1n the identification or selection of
transduced cells) and/or a gene that encodes the ligand for a
receptor on a specific target cell (to render the vector target
specific). For example, retroviral vectors can be made target
specific by mserting a nucleotide sequence encoding a sugar,
a glycolipid, or a protein. Targeting may also be accom-
plished using an antibody, by methods known to those of
ordinary skill in the art.

Viral vectors are typically non-pathogenic (defective), rep-
lication competent viruses, which require assistance 1n order
to produce infectious vector particles. This assistance can be
provided, for example, by using helper cell lines that contain
plasmids that encode all of the structural genes of the retro-
virus under the control of regulatory sequences within the
L'TR, but that are missing a nucleotide sequence which
enables the packaging mechanism to recognize an RNA tran-
script for encapsulation. Such helper cell lines include (but
are not limited to) W2, PA317 and PA12. A retroviral vector
introduced 1nto such cells can be packaged and vector virion
produced. The vector virions produced by this method can
then be used to infect a tissue cell line, such as NIH 3713 cells,
to produce large quantities of chimeric retroviral virions.

Another targeted delivery system for polynucleotides 1s a
colloidal dispersion system. Colloidal dispersion systems
include macromolecule complexes, nanocapsules, micro-
spheres, beads, and lipid-based systems including o1l-1n-wa-
ter emulsions, micelles, mixed micelles, and liposomes. A
preferred colloidal system for use as a delivery vehicle in vitro
and 1 vivo 1s a liposome (1.€., an artificial membrane vesicle).
It has been shown that large unilamellar vesicles (LUV),
which range 1n size from 0.2-4.0 um can encapsulate a sub-
stantial percentage of an aqueous buller contaiming large
macromolecules. RNA, DNA and intact virions can be encap-
sulated within the aqueous interior and be delivered to cells 1n
a biologically active form (Fraley, et al., Trends Biochem. Sci.
6:77, 1981). In addition to mammalian cells, liposomes have
been used for delivery of polynucleotides 1n plant, yeast and
bactenal cells. In order for a liposome to be an etficient gene
transfer vehicle, the following characteristics should be
present: (1) encapsulation of the genes of interest at high
cificiency while not compromising their biological activity;
(2) preferential and substantial binding to a target cell 1n
comparison to non-target cells; (3) delivery of the aqueous
contents of the vesicle to the target cell cytoplasm at high
elficiency; and (4) accurate and elfective expression of
genetic mformation (Manmno, et al., Biotechnigues 6:882,
1988).

The targeting of liposomes can be classified based on ana-
tomical and mechanistic factors. Anatomical classification 1s
based on the level of selectivity and may be, for example,
organ-specific, cell-specific, and/or organelle-specific.
Mechanistic targeting can be distinguished based upon
whether 1t 1s passive or active. Passive targeting utilizes the
natural tendency of liposomes to distribute to cells of the
reticuloendothelial system (RES) 1mn organs which contain
sinusoidal capillaries. Active targeting, on the other hand,
involves alteration of the liposome by coupling the liposome
to a specific ligand such as a monoclonal antibody, sugar,
glycolipid, or protein, or by changing the composition or size
of the liposome 1n order to achieve targeting to organs and cell
types other than the naturally occurring sites of localization.
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Routes and frequency of administration, as well doses, will
vary from patient to patient. In general, the pharmaceutical
compositions may be administered intravenously, intraperi-
toneally, intramuscularly, subcutaneously, intracavity or
transdermally. Between 1 and 6 doses may be administered
daily. A suitable dose 1s an amount that 1s suflicient to show
improvement 1n the symptoms of a patient aftlicted with a
disease associated with NF-kB activation. Such improvement
may be detected by monitoring intlammatory responses (e.g.
edema, transplant rejection, hypersensitivity) or through an
improvement in clinical symptoms associated with the dis-
case. In general, the amount of modulating agent present 1n a
dose, or produced 1n situ by DNA present in a dose, ranges
from about 1 ug to about 100 mg per kg of host. Suitable dose
s1zes will vary with the size of the patient, but will typically
range from about 10 mL to about 300 mL for 10-60 kg animal.

The following Examples are offered by way of 1llustration
and not by way of limitation.

EXAMPLES

Example 1

Identification of an IkB E3 Recognition Motif Using
Ubiquitination Assay

This Example illustrates a representative ubiquitination
assay, and the use of such an assay to evaluate peptides for the
ability to mhibit IkB ubiquitination.

A. In vitro Ubiquitination Assay

HA-tagged IxkBa or HA-tagged kB3 ¢cDNAs (Haskill et
al., Cell 65:1281-1289, 1991) were translated in vitro 1n
wheat germ extract in the presence of °>S-methionine accord-
ing to the manufacturer’s instructions (Promega, Madison,
Wis.). To phosphorylate IkBa. or IkB{3, 1 ul of the extract
containing the labeled protein was incubated for 90 minutes at
30° C. mareaction mixture having a final volume o1 30 ul: 100
ug HelLa or Jurkat cell extract (prepared as described by
Alkalay et al., Proc. Natl. Acad. Sci. USA 92:10599, 1995), 2
mM ATP and 1 uM okadaic acid. During this 1ncubat10n the
labeled IxkB polypeptide was phosphorylated at serines 32
and 36, and associated with the endogenous NF-kB complex
(data not shown).

Following incubation, 1 ul of anti-p635 serum was added,
and the NF-kB immune complex was immobilized to Protein
A-Sepharose® and subjected to 1n vitro ubiquitination in
HelLa cell extract as described by Alkalay et al. Ubiquitinated
proteins were separated by SDS-PAGE and visualized by
autoradiography.

As shoes in FIG. 1A, only wild type *>S-pIkBo. generated
multiply ubiquitinated species (lane 4). Neither ~>S-labeled
S32/36 A mutant of IxBa (lane 1) nor the non-phosphorylated
wild type *°S-IkBa (lane 2) were ubiquitinated, and no ubig-
uitination of pIkBa. was seen 1n the absence of ATP (lane 3).

The physiological relevance of this assay was further docu-
mented by comparison of in vitro ubiquitination of free >>S-
IkB to that of a complex-associated, phosphorylated sub-
strate. Whereas a complex-associated S32/36 A mutant was
not subject to ubiquitin conjugation in accordance with 1ts in
vivo fate, free forms of either mutant or wild type IkBa. were
readily conjugated (FIG. 1B). Similarly, only free, but not a
complex-associated lysine 21, 22 mutant of IkBa. could be
ubiquitinated 1n vitro (data not shown). Thus, while the free
IkBa 1s recognized by the ubiquitin system in a non-discrimi-
natory manner, the complex-associated ihibitor 1s masked
unless 1t 1s appropriately phosphorylated.
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B. Identification of the IxBa-Ubiquitin Ligase Recognition
Motif

To 1dentity the IxBa-ubiquitin ligase recognition motif,
various peptides were added at varying concentrations to the
reaction mixtures in the presence of the peptidase 1nhibitor
Bestatin (40 ug/ml). The peptides spanned the N-terminal
signaling domain of the protein, and were phosphorylated at
one or both serine residues (32 and 36), or were unmodified or
serine-substituted. These peptides were included 1n the ubig-
uitination reaction at different concentrations and tested for
inhibition of plkBa. specific ubiquitination. When conjuga-
tion of free IkBa was monitored, the translated protein was
added directly to the conjugation reaction mixture.

Only peptides that were phosphorylated at both serine 32
and 36 (plkBa peptides) effectively mhibited pIlkBa ubig-
uitination (FIG. 1A, lanes 7, 11-14). A c-Fos phosphopeptide
(ppFos, lane 5), a serine 32, 36 to alanine substituted IkBa.
peptide (p21 S/A, lane 6) and a non-phosphorylated peptide
(p21, lane 8) had no detectable effect on the ubiquitination of
plkB at a concentration of 400 uM. The IC., of the phospho-
rylated IkBa. peptides were calculated and representative
inhibitory concentrations are shown in FIG. 1A. Doubly
phosphorylated IkBa peptides inhibited the pIlkB conjuga-
tion reaction (lanes 7, 11-14) at an 1C., of 5 uM. The
sequences of these peptides are provided 1n Table I, above,
and 1n SEQ ID NOs:3-9. In contrast, singly phosphorylated
peptides (lanes 9, 10) inhibited the pIkBo. conjugation at an
IC,, of 400 uM. The mimimal size peptide tested (pp7/, lane
14), merely spanning the signaling phosphorylation site, was
suificient to eflectively inhibit the ubiquitination, although at
somewhat higher 1C., (10 uM). Thus, a peptide comprising
residues 21 to 41 of SEQ ID NO:1 comprises a recognition
domain for E3 ubiquitin ligase. Interestingly, lysine residues
21 and 22 are not essential for inhibition, implying that the
ubiquitin-system recognition site 1s distinct from the actual
conjugation site.

The specificity of the peptides was tested 1 two other
ubiquitin conjugation reactions: the conjugation of free wild
type (FIG. 1B lanes 1-3) or S32/36 A mutant IxkBa (FIG. 1B,
lanes 4-6) and the ubiquitin conjugation to the bulk of cellular
proteins in HelLa extract (detected by "*’I-labeled ubiquitin
according to Alkalay et al., FIG. 1C). Neither reaction was
aifected by the addition of an IxBa-ubiquitin ligase recogni-
tion motif or a control peptide.

Peptides comprising an IkBa-ubiquitin ligase recognition
motif were found to abolish the ubiquitination of the pIlkBa.
related substrate pIkBf3 (FIG. 1D). Stmilar to the conjugation
of pIlkBa, the specific conjugation of the IkBp also required
an associated NF-kB complex (not shown) and prior phos-
phorylation at the IkBa-homologous residues Ser 19 and 23.
An IkBp substrate prepared 1n the absence of phosphatase
inhibitors was not subject to ubiquitination (FI1G. 1D, lane 1).
Peptides affected plkB{3 ubiquitination at an IC., that was
similar to that observed for plkBa (FIG. 1D, lanes 4-7).
Hence, it appears that the same enzyme(s) target both IkBs for
ubiquitin-dependent degradation.

The mhibitory plkBa peptides were tested 1n a comple-

mentary ubiquitin-dependent 1n vitro degradation assay
(Onan et al., J. Biol. Chem. 270:21°707, 1995; Stancovski et

al., Mol. Cell. Biol. 157106, 1993). Using this assay, only
plkBa dertved from stimulated cells 1s degraded in vitro 1n a
ubiquitin-dependent manner, whereas the non-phosphory-
lated IkBa from the same cell extract 1s not subject to degra-
dation. Incorporation of the conjugation-inhibitory phospho-
peptides into the degradation assay resulted 1n stabilization of
the plkBa substrate (FIG. 2, lanes 3, 4) whereas the non-
phosphorylated peptide agent or a control phospho-Fos pep-
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tide had no effect on the specific pIlkBa. degradation (lanes 5,
6). Trimming the peptides at Lys 21/22 did not diminish the
degradation inhibitory effect (lane 4), indicating that the pep-
tides do not abolish plkBo degradation by exhausting the
ubiquitin-proteasome system as conjugatable substrates.

Example 2

Identification of Ubiquitin System Component
Involved 1n Substrate Recognition

This Example illustrates the identification of a specific E3
that 1s responsible for recognition of plkB polypeptides.

plkBo-ubiquitin conjugation and degradation requires a
tull complement of the ubiquitin system enzymes: E1, a spe-
cific E2 dertved from the ubiquitin system fraction I, E2F1
(Alkalay et al., Proc. Natl. Acad. Sci. USA 92:10599, 1995;
Chen et al., Cell 84:853, 1996) and a Fraction II-component
E3. To identify the ubiquitin system component involved 1n
the substrate recognition, HelLa lysate was fractionated over
IkBa phosphopeptide columns, and the flow-through frac-
tions were assayed for plkBa conjugation. Peptides were
coupled to NHS-Sepharose® (Pharmacia) according to the
manufacturer’s istructions at a concentration of 2 mg/ml.
100 ug of HelLa extract were incubated with 2.5 ul coupled
resin 1n the presence of 0.1% NP40 and 3% ovalbumin for 1
hour at 4° C. The resin was discarded and the unbound mate-
rial tested 1n the ubiquitination assay described above.

Whereas a tlow-through fraction from a control phospho-
peptide column and an S32/36 A peptide column retained full
IkBa conjugation capacity (FI1G. 3A, lanes 2, 3) flow-through
fractions from two different pIkBa peptides lost their IkBao
specific conjugation capacity (lanes 4, 7). The depleted con-
jugating activity could be complemented by reticulocyte
Fraction II (lanes 5, 8) that contains all the known species of
E3 enzymes (Ciechanover, Cell 79:13, 1994). Complemen-
tation could not be obtained by the addition of Fraction I or
Fraction I and E1 (lanes 6 and 9, respectively), indicating that
the peptide columns depleted an E3 rather than E2 or El.
Again, IxBa lysine residues 21 and 22 were dispensable for
retaining the E3 (compare FIG. 3A, lane 7 to lane 4), empha-
s1zing the distinction between the substrate recognition and
conjugation site. The peptide column depletion was found to
be specific for the IkB E3, as all flow-through fractions main-
tained full activity 1n random Hela protein conjugation (as
detected by measuring the conjugation of **>I ubiquitin, FIG.
3B). This indicates that a specific E3 1s responsible for rec-
ognition of the plkBs at the 1dentified motif.

Example 3

Effect of Representative Peptides on Cellular NF-kB
Activation

This Example 1llustrates the inhibition of cellular NF-kB
activation by microinjection of peptides comprising an IxBa-
ubiquitin ligase recognition motif.

HelLa cells were plated on a grnid coverslips (Cellocate,
Eppendort) 18 hours before microinjection. Microinjection
was performed with a 22 amino acid plkBa peptide (pp21;
Table I and SEQ ID NO:9) or a control phospho-Fos peptide
(SEQ ID NO:10) using a semi-automated apparatus (Eppen-
dort). Peptides were injected into the cell cytoplasm at a
concentration of 5 mg/ml in 100 mM KCl, 5 mM Na,HPO,
(pH 7.2), and immediately activated with TNFa (200 unaits/
mlL) for either 20 minutes (for NF-kB translocation) or 3
hours (for E-selectin expression). Following activation, the
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cells were fixed and stained with p65 specific antibodies
(Mercurio et al., Genes & Dev. 7:705, 1993; Santa Cruz) or

monoclonal anti-E-selectin antibodies (R&D Systems).

In the absence of peptide, TNFao induces rapid nuclear
translocation of NF-kB 1nto the nucleus, as shown by the p65
nuclear staining of 90% of the cells (see FI1G. 4G, column 2).
The pp21 peptide abolished TNFa-stimulated NF-kB activa-
tion 1n 50%-70% of the microinjected cells 1n several experi-
ments (see representative fields in FIGS. 4A and 4B; and FIG.
4G, column 3). In contrast, the control pp-Fos peptide had no
effect on the rate of NF-kB induced nuclear translocation, as
compared to non-microinjected cells (FIGS. 4C and 4G, col-
umn 4).

To further assess the functional consequences of NF-kB
inhibition, the IkB-E3 inhibitory peptide was microinjected
into primary human vascular endothelial cells (HUVEC;
Chenetal, J Immuol 155:3538, 1993). These cells respond to
TNFo stimulation by surface expression of NF-kB regulated
adhesion proteins, such as E-selectin. HUVEC cells were
plated, microinjected and stimulated as described above.
Three hours post stimulation the cells were fixed and stained
for expression of the NF-kB dependent E-selectin. 75%-85%
of the HUVEC cells were imtensely stained for E-selectin
following TNFa stimulation in several experiments. Micro-
injection of the pp21 peptide resulted 1n the inhibition of
E-selectin expression 1n 70%-80% of the microinjected cells
(F1G. 4D; and FIG. 4H, column 3). In contrast, the control
pp-Fos peptide had no effect on E-selectin expression, as
compared to non-microinjected cells (FIGS. 4F and 4H, col-
umn 4). Microinjection of a control, S32/36 A substituted
IkBa peptide had no effect on the rate of E-selectin expres-
S1011.

These results demonstrate that the subunit-specific degra-
dation of the signal-induced phosphorylated IkBa. and IxB3
1s mediated by a specific E3. The recognition domain for E3
ubiquitin ligase 1s a short sequence, centered around the two
signal-acquired phosphoserines conserved 1n both IkBs, rep-
resenting the first biologically relevant E3 recognition motif.
The specificity in IkB recognition 1s supported by the context
of the phosphorylated substrate: an associated cellular com-
plex masks the substrate from non-specific E3s. This feature
restricts the NF-kB inhibitor degradation to the post-stimu-
lation phase, at which 1t 1s exposed through site-specific phos-
phorylation event(s) to the specific ligase. NF-kB activation
and 1ts resultant function can be specifically abolished by 1n
vivo inhibition of the IkB ligase, using a modulating agent as
provided herein.

Example 4

Further Characterization of IxBa Ubiquitination

This Example further illustrates the characterization of the
ubiquitin ligase associated with IxBo ubiquitination.

A. Cytokine Stimulation Promotes the Association Between
plkBa and a Specific Ubiquitin-Ligase

To further study the recruitment of components of the
ubiquitin machinery by phosphorylated IxkBo-complexes,
plkBa/NF-kB complexes were purified from proteasome
inhibited, TNF-o stimulated Hela cells, and their ubiquiti-
nation potential was evaluated. HelLa cells were pre-incu-
bated with the proteasome nhibitor ALLN (150 uM) for 1
hour and stimulated for 10 minutes with TNFo. IkBa/NF-kB
complexes were immunoailinity-purified with goat anti-Rel
A (p65) antibodies (Santa Cruz Biotechnology, Inc., Santa
Cruz, Calif.) and the cognate p65 peptide (ELFPLIF-
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PAEPAQASGP (SEQ ID NO:21), which was synthetic and
purchased from Alfa-Diagnostic, Inc., and then HPLC-puri-
fied, analyzed by mass spectrometry, verified for the pre-
dicted structure and proven to be over 85% pure).

The immunopurified fraction was supplemented with vari-
ous components of the ubiquitin system and subjected to 1n
vitro ubiquitination. In particular, the fraction was supple-
mented with 0.2 ug purified E1 and 1 ug purified recombinant
UBCSC (Jensen et al., J. Biol. Chem. 270:30408-30414,
1993) and incubated for 90 minutes at 37° C. 1n reaction
butiler containing: 50 mM Tris (pH 7.6), 2 mM MgCl,, 1 mM
DTT, 20 nM okadaic acid, 1 mg/ml bovine ubiquitin (Sigma)
and 5 mM ATPyS (Sigma). The reaction mix was then boiled
in SDS-butler and the sample analyzed by SDS-PAGE (8.5%)
and phospho-imaging.

The addition of ubiquitin, purified E1 and a specific E2,
UBC5C, was found to be sullicient to generate the full capac-
ity IxBa-ubiquitin conjugating activity (FIG. 5, lane 2), evi-
dent in the accumulation of high-molecular mass species that
reacted with IkBa specific antisera. This activity was E1-de-
pendent (compare lanes 1 and 2), and was not provided by the
corresponding immunopurified fraction from non-stimulated
Hela cells (compare lanes 4, 5, 6). As the stimulated Hel a
fraction contained both phosphorylated and non-phosphory-
lated IkBa, the observed conjugates could be derived from
cither IkB species.

To determine the source of the IxkBa-conjugates, the ubig-
uitination reactions were performed in the presence of a
plkBa peptide (ppl12; CDRHDS[PO3]GLDS[PO3]; SEQ ID
NO:22) (lane 7) or a serine/glutamic-acid substituted IkBa.
peptide (p12S/E) (lane 8). Both peptides were synthetic, pur-
chased from Alfa-Diagnostic, Inc., and then HPLC-purnified,
analyzed by mass spectrometry, verified for the predicted
structure and proven to be over 85% pure. IKkBa peptides were
added at the indicated concentrations to the reaction mixtures
in the presence of the peptidase inhibitor Bestatin (40 ug/ml).
Only ppl2 abolished the formation of polyubiquitin-IkBa
conjugates, indicating that ubiquitination was specific for

plkBa. (Yaron et al., EMBO J. 16:6486-6494, 1997).

B. Phosphorylation 1s Necessary and Suflicient to Recruit
Specific Ubiquitin-Ligase Activity

The finding that E1 and E2 specifically complemented
plkBa-conjugation of the stimulated Hela fraction, but
falled to complement a non-stimulated fraction, could be
explained in several ways: a) HelLa stimulation activates a
specific pIlkB-ubiquitin ligase, b) HelLa stimulation modifies
the substrate, thus rendering 1t liable to ubiquitination, or ¢)
Hela stimulation 1s necessary for modifying both the sub-
strate and the ligase. To distinguish among these possibilities,
a recombinant, constitutively active IKK2 protein (IKK2-EE)
was used (Mercurio et al., Science 278:860-66, 1997). This
protein phosphorylates IkBa at serine 32/36 similarly to a
TNFa activated IKK -complex.

Following immunoprecipitation of ~>S-labeled IxBo/NF-
KB complexes from a non-stimulated Hel a lysate previously
incubated with recombinant >>S-labeled IkBa, the com-
plexes were phosphorylated by the recombinant IKK2-EE,
cluted with the p65 cognate peptide and subjected to 1n vitro
ubiquitination. After incubation with IKK2-EE, nearly all of
the °>S-IkB was phosphorylated. Yet, the addition of ubig-
uitin, E1 and UBC3C did not result in pIk Ba. phosphorylation
(FI1G. 6, lane 2). Therefore, IkB phosphorylation by IKK was
not suilicient to promote its ubiquitination in the presence of
El and E2. Conceivably, plkBao ubiquitination requires an
additional component of the HelLa lysate that was not co-
immunopurified from non-stimulated cells.
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To confirm this hypothesis, immuno-bound IkBa/NF-kB
complexes were incubated with a non-stimulated Hela

lysate, either directly or following IKK2-EE phosphoryla-
tion, washed extensively with high-salt butier and eluted with
the p65 peptide. Indeed, imncubation of the phosphorylated
IkB complexes (FIG. 6 lane 3), but not of the non-phospho-
rylated ones (lane 1), with the HelLa lysate, provided the
plkB-ligase component(s) necessary for pIlkBa. conjugation.
No signal was obtained when E1 or E2 were omitted from the
reaction, confirming that the signal at the top of the gel rep-
resents poly-ubiquitin IxBa-conjugates (lanes 5, 6). TNFa.
stimulated HelLa-lysate was not superior over a non-stimu-
lated lysate 1n providing the necessary ligase component.

The inhibitory effect of ppl2 on plkBa-ubiquitination
(FIG. 5) suggested that the essential HelLa component asso-
ciates specifically and stably with the plkBo recognition
motif during the incubation period and later functions in
plkB-ubiquitin conjugation. To test this assumption, we
included in the icubation step ppl2 or the control peptide
p12S/E, which was removed together with the HelLa lysate,
betore eluting the fractions. The addition of ppl2 (FIG. 6,
lane 4), but not of p125/E (lane 5), abrogated the ubiquitin-
ligase activity associated with the plkB-complex, while pre-
serving the integrity of the substrate. This was evident in the
ability of the peptide-treated fractions to undergo ubiquitina-
tion 1n the presence of Reticulocyte Fraction II as an E3
source (Alkalay et al., Mol Cell Biol. 15:1294-301, 19935).

Several conclusions may be drawn from this experiment:

1) A ubiquitin-ligase component essential to pIkBao ubiqg-
uitination 1s recruited by the IkBa/NF-kB complex from the
HelLa lysate following IKK phosphorylation.

2) This conjugation-promoting component 1s contained 1n
a non-stimulated Hela lysate, indicating that there 1s no need
to activate the ubiquitin-ligase by TNF-stimulation.

3) The essential ligase component 1s apparently specific
and associates with IkB through a direct interaction with the
plkB recognition motif (proved by ppl2 inhibition of pIkBa.-
conjugation).

C. Isolation of the Specific Ubiquitin-Ligase Component that
Recognizes plkBa.

HeLa extract (250 mg) was imncubated with 250 ul anti-p63
immunobeads. Following four Washes in butier A (1M KCl,
0.5% NP40, 50 mM Tris butfer pH 7.6, 1 mM D'TT) and one
wash 1n buifer B (30 mM Tris butter, pH7.6, 1 mM DTT), half
the beads were subject to 1n vitro phosphorylation with IKK
and half underwent mock-phosphorylation. The beads were
washed twice m buffer A and once in buller B, agitated with
100 mg Hela extract in the presence of 1 um okadaic acid for
30 min at 25° C., washed four times with buffer A, once 1n
buffer A and eluted with 1 mg/ml p65 peptide. A similar
experiment was performed with 10 mg *°S-metabolically-
labeled Hela cell lysate (100 uCi/ml Met/Cys for 8 hours)
and 25 ul p65-immunobeads. Eluate-fractions dertved from
both the hot and cold lysates were mixed, boiled 1 SDS-
sample butler and analyzed by 7.5% SDS-PAGE and autora-
diography. Gel slices corresponding to the autoradiogram
signals were excised and their protein-bands sequenced by
mass-spectrometry, as described below.

Three i mmunoatfinity-purified fractions were compared
by SDS-page analysis (FIG. 7A): 1) a fraction contaiming
IKkBa/NF-kB complexes that was not phosphorylated by
IKK?2-EE, but incubated with Hel a lysate; 2) a fraction sub-
jected to IKK2-EE phosphorylation and subsequent incuba-
tion with HelLa lysate; 3) a fraction phosphorylated by IKK?2-
EE, but not incubated with Hel a lysate. All incubations were
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performed on immunobead-immobilized complexes, which
were then extensively washed and eluted with the p63 pep-
tide.

SDS-PAGE analysis of the three fractions revealed pattern-
changes due to IKK phosphorylation or to further immuno-
adsorption of IkBa/NF-kB proteins, but did not discern any
protein recruited to the IkB-complex following IKK phos-
phorylation. The complexity of the protein staining could
obscure the presence of any recruited protein migrating along
with an immunopurified protein. To identily the recruited
protein, mass-spectrometry analysis was performed on a
dozen Colloidal Blue-stained bands derived from fractions 1
and 2. This analysis revealed the presence of nearly the full
spectrum of the Rel family proteins and IkBa: NF-kBI1
(p105), NF-kB2 (p100). RelA (p65), p50, p49, C-Rel, IxBa
and IxkBe. Only a few other proteins were co-immunoprecipi-
tated with the Ik B/NF-kB complex, particularly GRP78/Bip,
Hsp 70 and Hsc /0.

To circumvent the possible masking of the putative pIkB-
ubiquitin ligase, we replaced the ligase source with >>S-bio-
synthetically-labeled HelLa lysate and traced the IxBa-asso-
ciated proteins by SDS-PAGE analysis and autoradiography
(FIG. 7B). In parallel, the various fractions were tested for
their ubiquitin-ligase capacity. The band-pattern of the active
fraction (lane 2) was compared with that of the non-active one
(lane 1). Four >>S-protein bands with a molecular mass of 54,
58, 61 and 64 kD were distinguished in lane 2. Some of these
protein bands could represent components of the ubiquitin
ligase that recognizes plkBa. directly whereas others might
have associated with plkBa indirectly or with another com-
ponent of the IKK-phosphorylated complex. To sort out the
ligase component that recognizes plkBa directly, pp12 or the
control peptide p12S/E was added to the radiolabeled Hel a
lysate, which was then incubated with the immuno-bound
IkBa/NF-kB complex. A comparison of the eluted fractions
showed that of the four distinctive bands present only 1n
fraction 2, three bands were eliminated by the specific ppl2
peptide (p54, p58 and p61), whereas only the 64 kD band
persisted 1n the presence of ppl2 (FIG. 7B, compare lanes 2
and 3). The control peptide did not atfect the association of
any of the distinctive proteins with pIkBa. (lane 4). Two of the
plkBa. interacting proteins, p58 and p34, were consistently
present and always associated with the specific ubiquitin-
ligase activity.

Example 5

Identification of Human E3 Ubiquitin Ligase

This Example illustrates the 1solation and characterization
of human E3 ubiquitin ligase.

The 54 and 58 kD bands described 1n the previous Example
were excised from a ligase-positive and a ligase-negative
(HeLa lysate incubated with a non-phosphorylated IkBa.-
complex) lane, the proteins digested 1n situ (Shevchenko et
al., Arnal. Chem. 68:850-858, 1996) and the tryptic peptides
thus obtained were sequenced by nanoelectrospray mass
spectrometry (Wilm et al., Nature 379:466-469, 1996). Pro-
tein bands were reduced 1n-gel, S-alkylated and digested in-

gel with an excess of trypsin (overnight at room temperature)
as described (Shevchenko et al., Arnal. Chem. 68:850-838,

1996; Wilm et al., Nature 379:466-469, 1996). Pieces of gel
were extracted and the resulting peptide mixtures were con-
centrated and desalted, using a micro-column containing 50
nl of Poros R2 material (Perceptive Biosystems, Framing-
ham, Mass.). Peptides were eluted with 1 ul of 60% methanol,
3% formic acid directly into a nanoelectrospray needle.
Nanoelectrospray spectra were recorded on a quadrupole
time-oi-tlight mass spectrometer (QqTOF, Perkin-Elmer
Sciex, Toronto, Canada). Peptide sequence tags (Mann and
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Wilm, Anal. Chem. 66:4390-4399, 1994) were assembled
from fragmentation spectra and searched against a non redun-
dant protein sequence database (nrdb) maintained at the
European Biolnformatics Institute (EBI, Hinxton Park,

England) using the program PeptideSearch (Mann and Wilm,
Anal. Chem. 66:4390-4399, 1994).

Mass spectra of the 54 kD gel band revealed a complex
peptide mixture (FIG. 8 A) from which several peptides were
selected for fragmentation. Proteins identified by peptide
sequence tag searching (Mann and Wilm, Anral. Chem.
66:4390-4399, 1994) included NF-kB1 (p50). IxkB kinase @,
IkBe, RelB, tubulin beta-1 chain, and thyroid receptor initia-
tor binding protein. To 1dentily the protein associated with the
E3 activity, additional peptides, present in small amounts,

were selected for sequencing by comparing the spectrum of
the 54 kD bands from the active fraction with that of a similar

band from the non-active one (FIG. 8B). The peptide
sequence tag (1587.81) VVNV (SEQ ID NO:23) (1999.09)
was dertved from the fragmentation spectrum shown in FIG.
8C and unambiguously identified as AAVNVVDFDDKYIV-
SAS (SEQ ID NO:24). Further spectra 1identified the peptides
LEGHEELVR (SEQID NO:23), LVVSGSSDNTIR (SEQID
NO:26), IQDIETIESNWR (SEQ ID NO:27) and VISEG-
NILWK (SEQ ID NO:28). The first four fragments have
sequences present within the human F-box/WD protein
B3-TrCP (Margottin et al., Mol. Cell 1:565-574, 1998). How-
ever, the fifth peptide (VISEGMLWK (SEQ ID NO:28))
matches that of a peptide from the Drosophila Slimb protein
(see Jiang and Struhl, Nature 391:493-496, 1998), which 1s
highly homologous to human [-TrCP. Further sequencing

identified the human E3 ubiquitin ligase nucleotide sequence
provided in FIG. 9 (SEQ ID NO:13), and the predicted protein

sequence provided in FIG. 10 (SEQ ID NO:16). Thus, the
human E3 ubiquitin ligase appears to be a novel member of
the p-TrCP/Slimb family of homologous proteins.

Example 6

Further Characterization of E3 Ubiquitin Ligase
Activity

This Example further illustrates the ubiquitin ligase activ-

ity of the human E3 ubiquitin ligase family members [3-TrCP
and Slimb.

The ability of these proteins to bind plkBa. specifically and
assist 1n 1ts ubiquitination was examined 1n a cell-free system.
The IkBa/NF-kB complex was immunopurified from Hel a
cells and the immune complex was either phosphorylated
with IKK2-FEE or mock-phosphorylated as described above.
It was then incubated with the following immobilized FLAG-
tagged E3 family members immunoprecipitated from trans-
fected 293 cells: mouse B-TrCP (mfB3-TrCP), human [3-TrCP
(hp-TrCP), human 3-TrCP with a deletion of the F box region
residues 122-168 (AP-TrCP) and the Drosophila Slimb pro-
tein. The bound material was analyzed by Western blotting
with anti-IkBa and anti-FLAG antibodies. All of these pro-
teins exclusively bound IKK-phosphorylated, but not mock-
phosphorylated, IkBa. (see FIG. 11A). However, the human
and mouse p-TrCP bound IxkBa far better than the highly
homologous Drosophila protein (compare lanes 2, 4, 6 and 8).
AP-TrCP bound pIlkBa even better than the wild type protein,
indicating that the F-box region was dispensable for binding.
Furthermore, P-TrCP binding was abrogated by a peptide
representing the plkBa. recogmition motif (ppl10; DRHDS
(PO,)YGLDS(PO; )M (SEQ ID NO:29); see F1IG. 11B, lane 3),
but not by the control peptide (lane 4), specifying the site of
plkBa. recognition of the conserved DS(PO,)GLDS(PO;)
(SEQ 1D NO:30) sequence.

To evaluate the effect of binding on ubiquitination, the E3
family members and the deletion mutant were used as a
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source of E3 activity in pIk Ba. ubiquitination. In the presence SEQ ID NO:4 1s DNA sequence of IkB[3
of E1 and E2 (UBC3C), the wild type B-TrCP proteins facili- SEQ ID NO:35 1s amino acid sequence of pp7
tated the ubiquitination of plkBa, but not of the non-phos- SEQ ID NO:6 1s amino acid sequence of ppl1
phorylated IkBa (see FIG. 11C, lanes 1-4). AB-TrCP, devoid SEQ ID NO:7 1s amino acid sequence of ppl5
of the F-box protein-protein interaction module, failed to 5 SEQ ID NO:8 1s amino acid sequence of ppl9
promote ubiquitination (lanes 7 and 8), 1n spite of 1ts binding SEQ ID NO:9 1s amino acid sequence of pp21
capacity (FIG. 11A, lane 6). Although Slimb facilitated some SEQ 1D NO:10 1s amino acid sequence of phospho-Fos
plkBa. ubiquitination, it was at least ten-fold less efficient peptide
than the human and mouse 3-TrCP (based on similar FLAG- SEQ ID NO:11 1s amino acid sequence of pp21 S/A
tag expression levels), corresponding to 1its weaker activity. 10 SEQID NO:12 1s amino acid sequence of HA-tagged IkBa.
The modular design of these family members and the in SEQ ID NO:13 1s amino acid sequence of HA-tagged S32,

vitro analysis described herein suggested that deletion of the
F-box would result 1n a protein that functions as a dominant
negative molecule 1n vivo. In fact, transient over-expression
of the AP-TrCP inlibited the degradation of endogenous
IkBa in stimulated Jurkat cells, resulting 1n accumulation of
plkBa. (FIG. 12A). Consequently, activation of NF-kB was
inhibited (FIG. 12B). NF-kB activation was specific, as Af3-
TrCP did not affect activation of an NF-AT reporter. Of note
1s the fact that NF-kB inhibition was also observed with wild
type Slimb, whereas the expression of wild type human
B3-TrCP was not inhibitory (FIG. 12B). Therefore, overex-
pression of wild type Slimb has a dominant negative effect on
NF-kB activation, probably linked to its relatively poor
plkBa. ubiquitination activity (FIG. 11B).

From the foregoing 1t will be appreciated that, although
specific embodiments of the invention have been described
herein for purposes of 1llustration, various modifications may
be made without deviating from the spirit and scope of the
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36 IkBa
SEQ ID NO:14 1s amino acid sequence of HA-tagged Ik B3
SEQ ID NO:15 1s DNA sequence of human E3 ubiquitin
ligase

SEQ ID NO:16 1s predicted amino acid sequence of human
E3 ubiquitin ligase

SEQ ID NO:17 1s DNA sequence of human 3-1rCP

SEQ ID NO:18 1s amino acid sequence of human E3
3-TrCP

SEQ ID NO:19 1s phosphorylation site of IxBa

SEQ ID NO:20 1s retrieved 3-TrCP sequence

SEQ ID NO:21 1s amino acid sequence ol cognate p64
peptide

SEQ ID NO:22 1s amino acid sequence of plkBa peptide

ppl2
SEQ ID NO:23 1s peptide sequence tag of human E

uitin ligase

E3 ubig-

invention. Accordingly, the invention 1s not limited except as 30 Sj 20 jj) NO:24 15 pept%c:e from aumdn E3 ub%qu%t%n l%gase
by the appended claims SEQ ID NO:25 1s peptide from human E3 ubiquitin ligase
SEQ ID NO:26 1s peptide from human E3 ubiquitin ligase
SUMMARY OF SEQUENCE LISTING SEQ ID NO:27 1s peptide from human E3 ubiquitin ligase
SEQ ID NO:28 1s peptide from human E3 ubiquitin ligase
SEQ ID NO:1 1s amino acid sequence of IkBa. 35 SEQ ID NO:29 1s amino acid sequence of plkBa. recogni-
SEQ ID NO:2 1s DNA sequence of IkBa. tion motif
SEQ ID NO:3 1s amino acid sequence of IkB[3 SEQ ID NO:30 1s conserved plkBa sequence
SEQUENCE LISTING
<160> NUMBER OF SEQ ID NOS: 30
<210> SEQ ID NO 1
<211> LENGTH: 317
<212> TYPE: PRT
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 1
Met Phe Gln Ala Ala Glu Arg Pro Gln Glu Trp Ala Met Glu Gly Pro
1 5 10 15
Arg Asp Gly Leu Lys Lys Glu Arg Leu Leu Asp Asp Arg His Agsp Ser
20 25 30
Gly Leu Asp Ser Met Lys Asp Glu Glu Tyr Glu Gln Met Val Lys Glu
35 40 45
Leu Gln Glu Ile Arg Leu Glu Pro Gln Glu Val Pro Arg Gly Ser Glu
50 55 60
Pro Trp Lys Gln Gln Leu Thr Glu Asp Gly Asp Ser Phe Leu His Leu
65 70 75 80
Ala Ile Ile His Glu Glu Lys Ala Leu Thr Met Glu Val Ile Arg Gln
85 90 95
Val Lys Gly Asp Leu Ala Phe Leu Asn Phe Gln Asn Asn Leu Gln Gln
100 105 110



Thr

Ala

Agn

145

Gly

Hig

Val

Val

225

Ala

Thr

Thr

Tyr
305

Pro

Leu

130

Thr

Val

2la

Gly

Agn

210

ASpP

ASpP

Trp

Leu

ASpP

290

ASp

Leu

115

Leu

Pro

Leu

Thr

Tyr

195

Ala

Leu

Val

Gly

Glu

275

Thr

ASP

His

Gly

Leu

Thr

Agn

180

Leu

Gln

Gln

Agn

ATy

260

Agn

Glu

Leu

Ala

His

Gln

165

Gly

Glu

AsSn

Arg

245

Pro

Leu

Ser

Vval

Ala

Gly

Leu

150

Ser

Agn

Tle

Pro

Pro

230

Val

Ser

Gln

Glu

Phe
3210

27

Val
Cys
135

Ala

Gly
Val
Cys
215
AsSp
Thr
Thr
Met
Phe

295

Gly

Tle
120

ASP

Thr

His

Glu

200

Agn

Leu

Arg
Leu
280

Thr

Gly

Thr

Pro

Glu

Thr

Thr

185

Leu

Gly

Val

Gln

Tle

265

Pro

Glu

Gln

Agn

Glu

Gln

Pro

170

Leu

Arg

Ser

Gly

250

Gln

Glu

Phe

Arg

Gln

Leu

Gly

155

His

Leu

Val

Thr

Leu

235

Gln

Ser

Thr

Leu
315

-continued

Pro

ATYg

140

Leu

Hig

Ser

Ala

220

Leu

Ser

Gln

Glu

Glu

300

Thr

Glu Ile Ala

125

Asp

Leu

Hig

Leu

Leu

205

Leu

Leu

Pro

Leu

Asp

285

Asp

Leu

Phe

Ala

Ser

Ala

120

Gly

Hig

Gly
270

Glu

Glu

ATrg

Ser

Ile

175

Ser

2la

Leu

Gln
255
Gln

Glu

Leu
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Glu

Gly

Val

160

Leu

Tle

ASDP

Ala

Gly

240

Leu

Leu

Ser

Pro

<210>
<211>
<212>
<213>

<4 00>

tgccgcecgtc

gcacccgcag

ggagtgggcc

ccacgacagc

gcaggagatc

gctcaccgag

gaccatggaa

cctgcagcag

acttctggga

ccttgectgt

cccgcacctc

agcctctatc

caatgctcag

tcectgaccety

gggctattct

gggccagctg

SEQ ID NO 2
LENGTH :
TYPE :
ORGANISM: Homo saplens

1550
DNA

SEQUENCE: 2

ccgeoccegceca

cagcgeccge

atggagggcc

ggcctggact

cgcctcegagce

gacggggact

gtgatccgcce

actccactcc

gctggctgtyg

gagcagggct

cactccatcc

catggctacc

gagccctgta

gtgtcactcc

ccctaccagc

acactagaaa

gcgccoccagce

agctcgtcecy

ccogegacgy

ccatgaaaga

cgcaggaggrt

cgttccectgcea

aggtgaaggyg

acttggctgt

atcctgagcet

gcctggecag

tgaaggctac

tgggcatcgt

atggccggac

tgttgaagty

tcacctgggy

accttcagat

gaggaagcag
cgccatgttc

gctgaagaag

cgaggagtac

gecgegoedyge

cttggccatc

agacctggct

gatcaccaac

ccgagacttt

cgtgggagtc

caactacaat

ggagcttttyg

tgcccttcac

tggggctgat

ccgoccaagc

gctgccagag

cgcgcagcecc

cagdycydygCccyg

gagcggctac

gagcagatgg

tcggagcecect

atccatgaag

ttcctcaact

cagccagaaa

cgaggaaata

ctgactcagt

ggccacacgt

gtgtccttgy

ctcgcagtygyg

gtcaacagag

acccggatac

agtgaggatg

gcggoccagc

agcgccccca

tggacgaccyg

tcaaggagct

ggaagcagca

aaaaggcact

tccagaacaa

ttgctgaggce

ccececctaca

cctgcaccac

gtctacactt

gtgctgatgt

acctgcaaaa

Ctacctacca

agcagcagct

aggagagcta

60

120

180

240

300

360

420

480

540

600

660

720

780

840

500

560

28



tgacacagag
gtttggaggc
tatttgtaca
agggtgtact
tcagccctcea
ttctgagaaa
atttcatgga
tcctgtgaca
tacctgtcaa
tattttggta
<210>
<211>
<212>

<213>

<4 00>

tcagagttca

cagcgtctga

aaaaaaaagt

tatatccaca

ttttgttget

acttctttta

aggaccacat

tgtaacagcc

ggtttgtgtt

cttttatgat

SEQ ID NO 3
LENGTH :
TYPE :
ORGANISM: Homo saplens

359
PRT

SEQUENCE: 3

29

cggagttcac
cgttatgagt
CCLtatttttc
ctgcacactyg
tttgtgaact
aacctcacct
Cttatattta
aggagtgtta
accctectgt

gtatatttat

agaggacgag
gcaaagggdgc
taaaaaaaga
cctagcccaa
ttttgtaggyg
Ctgtggggtt
ttgtgctteg
agcgttcagt
aaatggtgta

taaagagatt
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ctgccecctatg

tgaaagaaca

aaaaagaaga

aacgtcttat

gacgagaaag

tttggagaag

agtgactgac

gatgtggggt

cataatgtat

tttacaaatg

atgactgtgt

tggacttgta

aaaaatttaa

tgtggtagga

atcattgaaa

gttatcaaaa

cccagtggta

gaaaagttac

tgttggtaat

Met Ala Gly Val

1

Cys

Gly

Leu

Ala

65

Ser

Ala

Leu

Thr

Val

145

Ala

ASP

Thr

Leu

225

Gly

Leu

ASpP

Pro

Val
50
Val

2la

Leu

2la
130
Leu

Leu

2la

Glu

Pro

210

Leu

ATy

Glu

Ser

Gly

35

Phe

Tle

Gly

His

Ala

115

Leu

Leu

Thr

Val

ASP

195

Leu

ATrg

Thr

Leu

Gly
20

Leu

Gly

His

His

Leu

100

Ala

His

Gln

Gln

ASP

180

Trp

His

ASP

Pro

Leu
260

Ala
5

Leu

Gly

Gln

Glu

85

Ala

Gly

Leu

Pro

Ser

165

Ser

ATy

Vval

2la

Leu

245

Leu

Gly

Ala

Val

His

70

Ala

Ala

Ala

ATg

150

Gln

Gln

Leu

Ala

Gly

230

Hig

Leu

Ser

Glu

Thr

55

Glu

Leu

Ile

Gly

Cys

135

Pro

Asp

Pro

Gln

Val

215

Ala

Leu

bAla

Gly

Leu

Leu

40

Glu

Pro

ASP

Leu

Val

120

ATrg

Ser

Agn

Leu

200

Tle

ASP

Ala

Gly

Gly

25

Gly

ASP

Phe

Leu

Gly

105

Leu

Val

Hig

Thr

Pro

185

Glu

His

Leu

Val

Ala
265

Thr

10

Pro

Pro

Gly

Leu

Gln

90

Glu

Val

Arg

Pro

Pro

170

Glu

ala

Agn

Glu
250

ASp

Ala

ASDP

Glu

ASDP

ASpP

75

Agnh

Ala

Ala

Ala

AYg

155

ASp

Agn

Glu

ASp

Lys

235

Ala

Pro

ASp

Ala

Leu

Thr

60

Phe

ASpP

Ser

Glu

Hig

140

ASP

Thr

Glu

AsSn

Ala

220

Pro

Gln

Thr

Ala

Ala

Ser

45

Ala

Leu

Leu

Thr

Arg

125

Thr

Ala

Ser

Glu

Tvr

205

Glu

Glu

Ala

Ala

ASP

Ala

30

Trp

Leu

Leu

Gly

Val

110

Gly

Ser

His

Glu
190

ASP

Met

Pro

Ala

ATrg
270

Glu

15

Pro

2la

His

Gly

Gln

55

Glu

Gly

2la

ASP

2la

175

Pro

Gly

Val

Thr

Ser

255

Met

Trp

Gly

Pro

Leu

Phe

80

Thr

His

Thr
160

Pro

Hig

Arg

Cys

240

Val

1020

1080

1140

1200

1260

1320

1380

1440

1500

1550

30



Gly

Leu

ASpP

305

ASP

Gly

Pro

Gly

Ala

290

ASpP

Agn

Arg

ASpP

ATrg
275

ATrg

Ser

ASP
355

Thr

Leu

Leu

ASP

Gln

340

Pro

Pro

Leu

Ser

Glu

325

Asn

AsSn

Leu

ATrg

Pro

310

Gly

ATrg

Pro

31

Gly
Ala
295
Asp
Gln

Ala

Ser

280

Hig

Ser

Glu

Pro

Ala

Gly

Ser

Pro
345

Leu

Ala

Ser

ASpP

330

Ser

Leu

Pro

Gly

315

ASDP

Pro

-continued

ATYg
Glu
300

Ser

Ile

Ala

Pro Asnh Pro

285

Pro

Asp

Val

Ser

Glu

Ser

Val

Lys
350

ASP

ASP

His

335

Pro

US 7,414,120 B2

Tle

Glu

Ser

320

Ser

Leu

<210>
<211>
<212>
<213>
<400>
gcgcactgga
ggtggctggy
gtgcgacagc
ggycdcayay
ggatggggac
cctectgggc
agccctgeat
cggtgcagga
ggtcagggca
tgcctcagat
tgctgceccgtyg
gaggctacaa
ccacaaagat
ggagcctacg
gctggaactt
ccogettgge
tggggcccect
cgacagtgac
tggcaggagc

caaccctgcce

cctgacaacc

<210>
<211>
<212>
<213>

<4 00>

SEQ ID NO 4
LENGTH:
TYPE :

ORGANISM: Homo saplens

1212
DNA

SEQUENCE: 4

gctcatcgca

gccatggecy

ggﬂﬂtgggﬂt

cttggcccag

acagccctgc

ttttcecgecy

ctagcagcca

gtgttggtgyg

cacacgtgcy

acctacctca

gattcccaac

ctagaagctyg

gcagagatgg

tgtggccgga

ctcctgaaag

agtgccctgc

gaacctgagyg

agtgacaaca

cadaadcCcydac

tgacttaagt

ay

SEQ ID NO b
LENGTH: 8

TYPE :
ORGANISM: Homo sapiens

PRT

SEQUENCE: b5

gagcccagcey
gggtcgegtyg
ctctaggtcc
agctgtcegtyg
acttggctgt
gccacgagta
tccttgggga
ctgagagagg
cgtgcgtact
ctcagagcca
ccaacccaga
aaaactatga
tccggetgcet
ccectetgea
ccggtgcetga
tccggoccaa
acgaggacga
gagatgaggg
aaccgccttc

gctaatatta

Cys Asp Ser Gly Leu Asp Ser Met

1

5

acaggcaggc
cttggggaaa
cgacgcagcy
ggcgccctta
gattcatcag
ccttgacctyg
ggcatctaca
gggccacacyg
gctccagecce
ggactgtacc
gaacgaagag
tggccatacc
cagggatgcc
cctggcagta
ccocaccgcec
cceccatcectt
taagcttagc

cgatgaatat

ccecggceatcec

atataatttc

gaccacaggyg
actgcggatg
gctccoccecggayg
gtctttgget
catgagccct
cagaatgacc
gtagagaagt
gcattgcact
cgtcccagec
ccagacacca
gagccgcegtyg
ccactccatg
ggagccgacc
gaagcccagyg
cgcatgtatg
gccecegectcec
ccttgcagca

gatgacatcyg

aaacctcttc

caacttaata

ggccacccga

ccgatgaatg

gaccaggtct

acgtcactga

tcctggattt

taggccaaac

tgtatgcagc

tggcctgecy

acccaagaga

gccatgceccc

atgaagactg

tagctgtcat

Ccaataaacc

cagccagcgt

ggggcecygCcac

tccgtgcaca

gcagcyggceay

tggttcacag

ctgatgaccc

aaattgcaga

60

120

180

240

300

360

420

480

540

600

660

720

780

840

500

560

1020

1080

1140

1200

1212

32



<210>
<211>
<212>
<213>

<4 00>

US 7,414,120 B2
33

-continued

SEQ ID NO 6
LENGTH: 12
TYPE: PRT

ORGANISM: Homo sapiens

SEQUENCE: 6

Cys Asp Asp Arg His Asp Ser Gly Leu Asp Ser Met

1

<210>
<211>
<212>
<213>

<4 00>

5 10

SEQ ID NO 7

LENGTH: 16

TYPE: PRT

ORGANISM: Homo saplens

SEQUENCE : 7

Cys Asp Asp Arg His Asp Ser Gly Leu Asp Ser Met Lys Asp Glu Glu

1

<210>
<211>
<212>
<213>

<4 00>

5 10 15

SEQ ID NO 8

LENGTH: 20

TYPE: PRT

ORGANISM: Homo sapiens

SEQUENCE: 8

Cys Glu Arg Leu Leu Asp Asp Arg His Asp Ser Gly Leu Asp Ser Met

1

5 10 15

Lys Asp Glu Glu

<210>
<211>
<212>
<213>

<4 00>

20

SEQ ID NO S

LENGTH: 22

TYPE: PRT

ORGANISM: Homo saplens

SEQUENCE: 9

Cys Lys Lys Glu Arg Leu Leu Asp Asp Arg His Asp Ser Gly Leu Asp

1

5 10 15

Ser Met Lys Asp Glu Glu

<210>
<211>
<212>
<213>

20

SEQ ID NO 10

LENGTH: 19

TYPE: PRT

ORGANISM: Homo saplens

<400> SEQUENCE: 10

Ile Gly Arg Arg Gly Lys Val Glu Gln Leu Ser Pro Glu Glu Glu Glu
1 5 10 15

Lys Arg Arg

<210> SEQ ID NO 11

<211> LENGTH: 22

<212> TYPE: PRT

<213> ORGANISM: Homo saplens

<400> SEQUENCE: 11

Cys Lys Lys Glu Arg Leu Leu Asp Asp Arg His Asp Ala Gly Leu Asp
1 5 10 15

Ala Met Lys Asp Glu Glu
20

34



<210>
<211>
<212>
<213>

<4 00>

PRT

SEQUENCE :

Met Tyr Pro Tvyr

1

Pro

Gln

Gly

ASp

65

Glu

Tle

Gly

Leu

145

Leu

Pro

Leu

Thr

Tyr

225

Ala

Leu

Val

Gly
Glu
305

Thr

ASpP

<210>
<211>
<212>
<213>

ASpP

2la

Leu

50

Ser

Ile

Gln

His

ASpP

130

His

Gly

Leu

Thr

Agn

210

Leu

Gln

Gln

Agn

Arg
290

Agn

Glu

Tyr

Met

ATrg

Gln

Glu

115

Leu

Leu

Ala

His

Gln

195

Gly

Glu

Agn

Arg

275

Pro

Leu

Ser

Val

Ala
20

Glu

Leu

Leu

100

Glu

Ala

Ala

Gly

Leu

180

Ser

Agn

Tle

Pro

Pro

260

Val

Ser

Gln

Glu

Phe

340

PRT

SEQ ID NO 12
LENGTH :
TYPE:

ORGANISM: Homo sapiens

347

12

Asp
5

Met

Glu

AsSp

Glu

85

Thr

Phe

Vval

Cvs

165

Ala

Gly

Val

Cvys

245

Asp

Thr

Thr

Met

Phe

325

Gly

SEQ ID NO 13
LENGTH :
TYPE :
ORGANISM: Homo saplens

347

Val

Pro

ATrg

Glu

70

Pro

Glu

Ala

Leu

Tle

150

ASpP

Thr

His

Glu

230

Agn

Leu

ATrg
Leu
210

Thr

Gly

35

Pro
Pro
Gln
Leu

55
Glu
Gln
Asp
Leu
Asn
135
Thr
Pro
Glu
Thr
Thr
215
Leu
Gly
Val

Gln

Tle
295

Pro

Glu

Gln

ASP

Glu
40

Leu

Glu

Gly

Thr

120

Phe

Agn

Glu

Gln

Pro

200

Leu

ATrg

Ser

Gly

280

Gln

Glu

Phe

ATrg

ASDP

25

Trp

ASP

Glu

Val

ASDP

105

Met

Gln

Gln

Leu

Gly

185

His

Leu

Val

Thr

Leu

265

Gln

Ser

Thr

Leu
345

2la

10

Val

2la

ASp

Gln

Pro

50

Ser

Glu

Agn

Pro

Arg

170

Leu

His

Sexr

2la
250

Leu

Ser

Gln

Glu

Glu

330

Thr

Met

Pro

Met

Arg

Met

75

ATYg

Phe

Val

Agnh

Glu

155

ASDP

Leu

His

Leu

Leu

235

Leu

Leu

Pro

Leu

ASDP

315

ASp

Leu

-continued

ASpP

Glu

His

60

Val

Gly

Leu

Tle

Leu

140

Tle

Phe

Ala

Ser

Ala

220

Gly

Hig

Gly
300

Glu

Glu

Pro

Gly
45

Asp

Ser

His

Arg

125

Gln

Ala

Arg

Ser

Tle

205

Ser

Ala

Leu

Gln
285

Gln

Glu

Leu

Ala

30

Pro

Ser

Glu

Glu

Leu

110

Gln

Gln

Glu

Gly

Val

120

Leu

Ile

ASP

Ala

Gly

270

Leu

Leu

Ser

Pro

ASP

15

Met

Arg

Gly

Leu

Pro

55

2la

Val

Thr

2la

Agn

175

Gly

His

Val

Val

255

ala

Thr

Thr

Tyr
335

US 7,414,120 B2

Val

Phe

ASp

Leu

Gln

80

Trp

Tle

Pro

Leu

160

Thr

Val

Ala

Gly

Agh

240

ASp

ASpP

Trp

Leu

ASpP
320

ASp

36



<400> SEQUENCE:

Met Tyr Pro Tvyr

1

Pro

Gln

Gly

ASpP

65

Glu

Tle

Gly

Leu

145

Leu

Pro

Leu

Thr

Tvr

225

Ala

Leu

Val

Gly

Glu
205

Thr

ASpP

<210>
<211>
<212>
<213>

<4 00>

ASpP

2la

Leu

50

Ala

Tle

Gln

His

ASpP

130

His

Gly

Leu

Thr

Agn

210

Leu

Gln

Gln

Agn

ATrg

290

Agn

Glu

Met

ATrg

Gln

Glu

115

Leu

Leu

Ala

His

Gln

195

Gly

Glu

Agn

ATg

275

Pro

Leu

Ser

Val

Ala
20

Glu

Leu

Leu

100

Glu

Ala

Ala

Gly

Leu

180

Ser

Agn

Ile

Pro

Pro

260

Val

Ser

Gln

Glu

Phe
240

PRT

SEQUENCE :

13

AsSp

Met

Arg

Glu

AsSp

Glu

85

Thr

Phe

Val
Cvys
165

Ala

Gly

Val

Cvys

245

AsSp

Thr

Thr

Met

Phe
325

Gly

SEQ ID NO 14
LENGTH :
TYPE :
ORGANISM: Homo sapiens

389

14

Val

Pro

ATrg

Glu

70

Pro

Glu

Ala

Leu

Tle

150

ASpP

Thr

His

Glu

230

Agn

Leu

ATrg

Leu
210

Thr

Gly

37

Pro
Pro
Gln
Leu

55
Glu
Gln
Asp
Leu
AsSn
135
Thr
Pro
Glu
Thr
Thr
215
Leu
Gly
Val
Gln
Tle

295

Pro

Glu

Gln

ASP

Glu
40

Leu

Glu

Gly

Thr

120

Phe

Agh

Glu

Gln

Pro

200

Leu

Arg

Ser

Gly

280

Gln

Glu

Phe

Arg

ASP

25

Trp

ASP

Glu

Val

ASP

105

Met

Gln

Gln

Leu

Gly

185

His

Leu

Val

Thr

Leu

265

Gln

Ser

Thr

Leu
345

2la

10

Val

2la

ASp

Gln

Pro

90

Ser

Glu

Agn

Pro

Arg

170

Leu

His

Ser

2la

250

Leu

Ser

Gln

Glu

Glu
330

Thr

Met

Pro

Met

ATrg

Met

75

ATy

Phe

Val

Agn

Glu

155

ASpP

Leu

His

Leu

Leu

235

Leu

Leu

Pro

Leu

ASDP

315

ASDP

Leu

-continued

ASpP

Glu

Hig

60

Val

Gly

Leu

Tle

Leu

140

Tle

Phe

Ala

Ser

Ala

220

Gly

Hig

Gly
300

Glu

Glu

Pro

Gly
45

Asp

Ser

Hig

Arg

125

Gln

Ala

Arg

Ser

ITle

205

Ser

Ala

Leu

Gln
285

Gln

Glu

Leu

Ala

30

Pro

Ala

Glu

Glu

Leu

110

Gln

Gln

Glu

Gly

Val

120

Leu

Tle

ASP

Ala

Gly

270

Leu

Leu

Ser

Pro

ASP

15

Met

Arg

Gly

Leu

Pro

55

ala

Val

Thr

Ala

Agn

175

Gly

His

Val

Val

255

2la

Thr

Thr

Tyr
335

US 7,414,120 B2

Val

Phe

ASDP

Leu

Gln

80

Trp

Ile

Pro

Leu

160

Thr

Val

Ala

Gly

Agn

240

ASp

ASp

Trp

Leu

ASpP

320

ASpP

Met Tyr Pro Tyr Asp Val Pro Asp Tyr Ala Met Tyr Pro Tyr Asp Val

1

5

10

15

38



Pro

Gly

Ser

Gly

65

Phe

Tle

Gly

Hig

Ala

145

Leu

Leu

Thr

Val

ASpP

225

Leu

ATg

Thr

Leu

ATg

305

Arg

ATg

Ser

ASpP
385

<210>
<211>
<212>
<213>

ASpP

Val

Gly

50

Leu

Gly

His

Hig

Leu

130

2la

His

Gln

Gln

ASp

210

Trp

Hig

ASpP

Pro

Leu
290

Thr

Leu

Leu

ASpP

Gln

370

Pro

Ala
25

Leu

Gly

Gln

Glu

115

Ala

Gly

Leu

Pro

Ser

195

Ser

ATrg

Val

Ala

Leu

275

Leu

Pro

Leu

Ser

Glu

355

Agn

Agn

Ala

20

Gly

Ala

Val

His

100

Ala

Ala

Ala

ATg

180

Gln

Gln

Leu

Ala

Gly
260

His

Leu

ATrg

Pro

340

Gly

ATrg

Pro

Met

Leu

Ser

Glu

Thr

85

Glu

Leu

Tle

Gly

Cvs

165

Pro

Asp

Pro

Gln

Val
245

Ala

Leu

2la

Gly

2la

325

Asp

Gln

2la

SEQ ID NO 15
LENGTH :
TYPE: DNA
ORGANISM: Homo saplens

4230

Gly

Leu

Leu

70

Glu

Pro

ASP

Leu

Val

150

ATrg

Ser

Agn

Leu
230

ITle

ASP

Ala

Gly

Ser

310

His

Ser

Glu

Pro

39

Pro

Gly

55
Gly
Asp
Phe
Leu
Gly
135
Leu
Val
Hisg
Thr
Pro
215
Glu
Hig
Leu

Val

Ala
295
Ala

Gly

Ser

Pro
375

Thr

40

Pro

Pro

Gly

Leu

Gln

120

Glu

Val

Arg

Pro

Pro

200

Glu

Ala

Agn

Glu
280

ASP

Leu

Ala

Ser

ASP

360

Ser

ASP

25

Ala

ASP

Glu

ASDP

ASDP

105

Agn

Ala

Ala

Ala

Arg

185

ASP

Agn

Glu

ASP

Lys

265

Ala

Pro

Leu

Pro

Gly

345

ASP

Pro

Val

ASP

2la

Leu

Thr

50

Phe

ASpP

Ser

Glu

His

170

ASp

Thr

Glu

Agn

ala
250

Pro

Gln

Thr

Arg

Glu

330

Ser

Ile

2la

Pro

Ala

Ala

Ser

75

Ala

Leu

Leu

Thr

ATrg

155

Thr

Ala

Ser

Glu

Tyr

235

Glu

Glu

Ala

Ala

Pro

315

Pro

ASpP

Val

Ser

-continued

Asp Tyr Ala

ASpP

Ala

60

Trp

Leu

Leu

Gly

Val

140

Gly

Ser

His

Glu

220

ASpP

Met

Pro

Ala

ATYg

300

AsSn

Glu

Ser

Val

Lys
380

Glu

45

Pro

Ala

His

Gly

Gln

125

Glu

Gly

Ala

Asp

Ala

205

Pro

Gly

Val

Thr

Ser

285

Met

Pro

Asp

Asp

Hig

365

Pro

30

Trp

Gly

Pro

Leu

Phe

110

Thr

His

Thr

120

Pro

ATrg

His

ATg

Cys

270

Val

Ile

Glu

Ser

350

Ser

Leu

Met

Cys

Gly

Leu

2la

55

Ser

ala

Leu

Thr

Val

175

ala

ASpP

Thr

Leu
255

Gly

Leu

Gly

Leu

ASpP

335

ASpP

Gly

Pro

US 7,414,120 B2

b2la

ASP

Pro

Val

80

Val

Ala

Leu

Ala
160

Leu

Leu

Ala

Glu

Pro
240

Leu

ATrg

Glu

Gly

Ala

320

ASp

Agn

ATrg

ASp

40



<400> SEQUENCE: 15

gcegaggceddy

cgagctcatyg

catgtgcgca

tggaacatca

aaaagacttyg

ggaacatctt

gcccatgttyg

agaaaacatt

agaatggcag

acgcactgat

taaaaacaga

tatccaggat

gattcagtgc

aattatcagt

tttgaaagtyg

cattgtaact

CCcttaacaca

gatggtgacc

catcacttta

cgacaagtac

ctgtgaattt

ggatcgcecty

tggtgcctgt

taacaagagyg

tgctcttgac

tggacgtgtg

cactattttyg

tccctccaga

gttttctagt

agctgagtta

cttcaagtac

cttceceegygce

atgtttcaaa

tcgaccgtca

taagaaacag

agggctttca

tgacttgttyg

atatttttgg

tcagttatat

gcecgecgygydy

tgttetgtge

ctgagttgcc

tctgtgatcyg

tgtattaaat

atttcacgaa

cagcgggact

ctttcgtacc

cgagtgatct

ccectatgga

cccacagatyg

atagagacta

cgctctgaaa

ggcctacgag

ttaacaggac

ggctcttcag

cttgatccacc

tgttccaagy

cgcecgtgtcec

atcgtgtcty

gttcgtactce

gttgttagtg

ttaagagtcc

attgtcagtyg

cctcocgagecc

tttcggetcc

atttgggatt

acatacactt

cttgaactac

tgaagctgga

cgacatttct

ttcaagtaga

tgtaaattgt

agagaagact

cattcttctt

ttttcaaaag

tattaggaac

gattatactt

tatctaccaa

41

ccgceccatgga
caaggtcttt
tgcagagcat
tctccagaaa
attttgacca
tgtgtcatta
ttattaccgc
tggatgccag
cagaaggaat
aaggactttc
gccctccaaa
tagaatctaa
atagtaaagyg
ataattctat
acacaggctc
attctacggt
acaatgaggc
accgctceccat
tggttggcca
cctetggtga
tcaatgggca

gatcatcaga

tagagggaca

gggcctatga

cagcaagcac
agtttgatga
tcttaaatgt
acatctctag
tggctacgtg
attggttcta
cacctctgat
acagaagccc
tcatagaaaa
tggcctctaa
cagtgaaatt
ttagcattct
atgttggaca
cctttetgta

caggtaatat

gcccgactceg

gtggctaggce

gcccagtgtce

gaggccatca

gtggtctgaa

tcagcatgga

tttaccagag

gtctetgtgt

gctttggaag

agaaagaaga

Ctcattttat

Ctggﬂggtgt

tgtctactgt

taagatatgyg

tgtcctetgt

gagagtgtgg

tgtattgcac

tgctgtgtgg

ccgggcetgec

caggaccatc

caadcydygygcC

taataccatt

tgaagaattyg

tgggaaaatt

attgtgtttyg

gtttcagatc

gcctceccagt

ataacagtct

gctaccaaat

gacgctgggt

tccggcetcetc

gtttccttec

ggaacataga

tttatattgc

ttgggtgcca

ccttttgacc

gtggaaaatt

ccaatttctt

agctetttet

US 7,414,120 B2

-continued

gtgattgagg

tgcgccaacc

agatgtctcc

gaaggaaact

tcagatcaag

catattaact

caaggcttag

gcagcagagc

aagctgattyg

gggtgggatc

aggtcattat

ggacgacaca

ttacagtacg

gataaaacca

ctgcagtatg

gatgtgaaca

ttacgcttca

gacatggctt

gtcaatgtayg

aaagtctgga

attgcctgtce

aggctctggyg

gtccgatgca

aaagtttggg

cgcacattgg

atcagcagct

gcccagaatyg

gcactttcac

gcctaaggga

agatgcaaag

ctttgagaag

ctcatcagtg

atctgtttta

tttgcacttt

aacacctacc

gtccaagtca

ttctetggat

Ctaatttaaa

Cttattaact

acaagaccat

tggtagagag

agataagtaa

atcaaaaaga

tggaatttgt

cttacctgaa

atcacatagc

tggtatgtaa

aacgaatggt

agtacctgtt

acccaaagat

acttgcagag

atgatgaaaa

gcctggaatyg

atgagcgtgt

cgggtgaagt

gcaatggact

ctgcgaccga

tagactttga

gcacgagcac

tccagtacag

atattgaatg

tccggtttga

acttgcaagc

tggaacattc

cccatgatga

agacccgttce

ccgtttecagy

gttcgttcac

cagcctaact

gagaccttag

aaaaaatcta

cagaagtaaa

ggtttgatat

cagaatgtcc

ttatgaattc

tgttttagta

gaactataag

gttctetgte

60

120

180

240

300

360

420

480

540

600

660

720

780

840

500

560

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

42



ccccaaccat

tttaaaatac

tggagtcagg

ggﬂtgggﬂtﬂ

tattcataca

ttaatgagaa

gttgtggagt

Cttctcataa

tgtcaaaaat

ttgacgggct

gcctgetggt

gggtgggtgce

tggtgtcagc

cacagcccada

tccaattggc

ttccaaagat

gtaaacctct

ttgtcecttty

agttggettt

aaattaattt

taaggtggat

catcctacag

ggagdadggca

aagttcccect

tgcctactaa

taatagtaat

aaattactgc

attatgtttyg

taaattgtac

aaaaaagttt

attatgcagt

caatactctt

ctcctgatat

tgtattcgca

gcccecectgty

aagaacctga

gtgtttttat

CCtLtgtttta

atatattata

gtactcctga

cattattctg

gtcttggctce

gtgttggagce

tctgaagtgy

tgctgctgty

atgtgtaaat

actccttctce

caaggaatgt

tcccgtggaa

cattgagaac

gcttttttag

atgtttttga

gttgtaagct

Cttcaatatc

attctgaatyg

cgttececttgy

attatagcag

tcccagccat

tatattaatg

ccaattatct

agatattatt

gacttttgte

gcacctaatc

aataaagtgt

<210> SEQ ID NO 16

<211> LENGTH:
<212> TYPE:

542
PRT

43

ttggtagagt
tgtagatata
cttgagacac
tacctgggtt
tttgttgtty
aaatgtaatt
caatagagag
gtacaagtgg
tgcagtcgty
tggaattcat

ctgcagggca
agtgaagcct
gccccagcag
ggcactgttyg
ccttattcaa
caataacatt

gcacactcta

ggtgtgggga

CCCCCcCctttt
gaggttgagt
tgatggtggt
aaactggtta
aatgaatgga
gagatgatgyg
gggactttgg
actctggact
ttttaaagca
gtttgaaata
catgacagct
cagtaaattg
tggcttcatg

tgcaatactc

<213> ORGANISM: Homo saplens

<400> SEQUENCE: 16

aacaccttta

atgtacataa

taatacagag

gatgtggatt

tcattgcgty

tctaaggttt

gtaccttaaa

tcacctcceca

gccctgggaa

gcatcctggce

ggtcaggctyg

caagcccatyg

gttctcaaag

ccectgacagt

tattaggttt

ttaaaggacc

ctactaaagyg

tcagtgtgtyg

daaaaataaaa

ctcaaagtgt

tgtgaaagtyg

ggaaagccca

ttttttgtty

cctttgaata

cacccaagga

Ctattttgct

ctgggatagt

aatttgtgtc

ttgtactgtyg

ctaagtaatyg

caattgttac

US 7,414,120 B2

-continued

tacgtgtgct

cagtttaacc

tgtgttcgca

acctagaacc

tgtgtggttt

daacaccddad

cattttttgt

tagtattcat

ggggaaataa

cttgccaagy

gttcagaggc

aatgccaccc

ctcccaagtc

gcatggaaag

gatttgccct

aataaacagc

gaaggcccct

tgtatgtgat

tcctteccttce

aaacaataaa

atttagecttt

gg99daagygdy

tttttgcatg

tgcagacaac

gttctgactt

aaccataact

ctaattctaa

tgaacagcta

gaatgtgctt

tcaataaatc

ttcagctact

tgcctcctaa

tcaaagttgc

cttagccatg

cttcctgcag

gtgtgtgttt

Cgttttattt

Ccttattctt

ttggcttcgce

gaaggcccty

ttctggcagy

ccatgctgag

cagtcatctc

ctccctacga

gacgttggca

tcgceccattgt

ctcctataaa

gggctctgat

ttgtttattyg

ccatgttact

ccteccattceca

gaccactttt

agygdggcagy

tttaatatag

ctttgaattg

tctgggatta

gagcaaatgt

cttgtaatta

ttgaaactgt

aataaaaaac

gagtatgggt

gattcaaagc

Met Glu Pro Asp Ser Val Ile Glu Asp Lys Thr Ile Glu Leu Met Cys

1

5

10

15

ser Val Pro Arg Ser Leu Trp Leu Gly Cys Ala Asn Leu Val Glu Ser

20

25

30

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4230

44



Met

Gln

Ser

65

ASP

Ser

Pro

ASP

Cys

145

Gly

Leu

Cys
225

Leu

Leu

ASp

Trp

305

Glu

Ser

Tle

Val

Tle

385

Gly

Val

Gly

Ile

50

Glu

Gln

Arg

Met

Hig

130

2la

Met

Trp

Agn

Pro

210

Gly

Gly

ATy

Glu
290

ASpP

ala

Thr

ASpP

370

His

Ser

2la

Ala
35

Ser

Gly

Trp

Met

Leu

115

Ile

Ala

Leu

ATrg
195

Arg

Val

ASP

Val

275

Arg

Val

Val

ASP

Leu

355

Phe

Val

Gly

Cys
435

Leu

Agn

Agn

Ser

Cys

100

Gln

Ala

Glu

Trp

Gly

180

Pro

Ile

His

Agn
260

Leu

Val

Agn

Leu

ATrg

340

ATg

ASP

Trp

ATg

Ser

420

Leu

Ser

Gly

Glu
85

His

Glu

Leu

Lys

165

Leu

Thr

Ile

Asn

Cvys

245

Ser

Thr

Tle

Thr

Hig

325

Ser

Asp

Ser

Gly
405

Ser

Thr
Gln
70

Ser

ASpP

AsSn

Val
150

Ser

ASpP

Gln

Leu
230

Leu

ITle

Gly

Vval

Gly

310

Leu

Tle

Val

Thr
290

Tle

ASP

Vval

45

Leu

Ser
55

Asp
Gln
Phe

ITle
135

Leu
Glu
Gly
Asp

215

Gln

Gln

Hig
Thr
295
Glu
Arg
bAla
Leu
Tvr
375
Ser
Ala

Asn

Leu

Gln
40

Ser

Glu

Gln

His

Tle

120

Leu

Tle

Arg

Pro
200

Ile

Arg

Ile

Thr

280

Gly

Val

Phe

Val

Val

360

Ile

Thr

Thr

Glu
440

Ser

Val

Val

Gly

105

Thr

Ser

Glu

Glu

Arg

185

Pro

Glu

Tle

ASP

Trp

265

Gly

Ser

Leu

Ser

Trp

345

Gly

Val

Leu

Ile
425

Gly

Met

Ile

ASp

Glu

50

His

2la

Trp

ATrg

170

Gly

Agn

Thr

Gln

ASp

250

ASpP

Ser

Ser

Agn

Agn

330

ASp

His

Ser

Glu

Gln

410

Arg

His

Pro

Val

Leu

75

Phe

Tle

Leu

Leu

Gln
155

Met

Trp

Ser

Ile

Cys
235

Glu

Val

ASp

Thr

315

Gly

Met

ATrg

Ala

Phe

395

Leu

Glu

-continued

Ser Val Arg

Ser
60

Val

AsSn

Pro

ASP

140

AYg

Val

ASDP

Phe

Glu

220

ATYg

Thr

Leu

Ser

300

Leu

Leu

Ala

Ala

Ser

380

Val

ATYg

Trp

Glu

45

Arg

Tle

Glu

Ser

Glu

125

Ala

Vval

Arg

Gln

Tyr

205

Ser

Ser

Tle

Ser

Cys

285

Thr

Tle

Met

Ser

Ala

365

Gly

Arg

Asp

Asp

Leu
445

Hig

Tyr

110

Gln

ATg

Tle

Thr

Tyr

120

ATrg

Agn

Glu

Tle

Leu
270

Leu

Val

His

Val

Ala

350

Val

ASP

Thr

ATrg

Ile

430

Val

Cys

ATrg

Leu

55

Leu

Gly

Ser

Ser

ASP

175

Leu

Ser

Trp

Agn

Ser

255

Glu

Gln

Arg

His

Thr

335

Thr

Agn

ATrg

Leu

Leu

415

Glu

Arg

US 7,414,120 B2

Leu

Pro
Phe
80

Ile

Leu

Leu

Glu

160

Pro

Phe

Leu

ATrg

Ser

240

Gly

Val

Agn

320

ASp

Val

Thr

Agn

400

Val

46



Tle

Ile

465

Ser

ATrg

Thr

Glu

Arg

450

Thr

Leu

Tle

Thr

Phe

Val

Leu

Gln

Leu
515

ASP

Trp

Phe
500

Tle

Ser

AsSn

Asp

Leu

485

Asp

Trp

Pro

Leu

470

ATrg

Glu

ASpP

Ser

47

Arg
455
Gln
Thr
Phe

Phe

Arg

Tle

Ala

Leu

Gln

Leu

520

Thr

Val

Ala

Val

Ile

505

Agn

Ser

Leu

Glu

490

Ile

Val

Thr

Gly

ASpP

475

His

Ser

Pro

US 7,414,120 B2

-continued

Ala

460

Pro

Ser

Ser

Pro

Tle

Tyr

Arg

Gly

Ser

Ser

525

Ser

ASP

Ala

ATrg

Hig

510

Ala

ATrg

Gly

Pro

Val
495

ASP

Gln

Ala
480
Phe

ASpP

Agn

530

<210>
<211>
<212>
<213>
<400>
tgcgttggcet
tcggcgatta
tcctcagaga
aattcactta
tgtttagcaa
ggcacttcca
aaggaactgt
gaacatctta
cctatgttge
gagaacattc
gaatggtacc
aggacagatt
aaaaacaaac
aaaattatac
cagagaattc
cagaaaatag
gaatgcaagc
agagtgatca
gaaatgctaa
ggcatgatgyg
actgacatta
tttgatgaca
agtacttgtg
tacagggaca
gaatgtggtyg
tttgataaca

gtggctgctt

SEQ ID NO 17
LENGTH:
TYPE :

ORGANISM: Homo saplens

2151
DNA

SEQUENCE: 17

gcggcecetggce
tggacccggc
gagaagactg
gacagacata
gcactgctat
gtatgattgt
gtgtcaaata
tatcccaaat
agagagattt
tgtcatacct
gagtgacctc
ctctgtggag
ctcctgacgy
aagacattga
actgccgaag
taagcggcct
gaattctcac
taacaggatc
acacgttgat
tgacctgctc
ccctecggayg
agtacattgt
aatttgtaag
ggctggtagt
catgtttacyg
agaggatagt

tggaccccecy

535

accaaagggyg

cgaggcggtyg

taataatggc

caacagctgt

gaagactgag

gcccaagcaa

ctttgagcag

gtgtcattac

cataactgct

ggatgccaaa

tgatggcatyg

aggcctggca

gaatgctcct

gacaatagaa

tgaaacaagc

tcgagacaac

aggccataca

atcggattcc

tcaccattgt

caaagatcgt

ggtgctggtc

ttctgcatcet

gaccttaaat

gagtggctca

agtgttagaa

cagtggggcc

tgctccectgcea

cggcocaecggc

ctgcaagaga

gaacccccta

gccagactcet

aattgtgtgyg

cggaaactct

tggtcagagt

caacatgggc

ctgccagcetce

tcactatgtyg

ctgtggaaga

gaacgaagag

cccaactctt

tctaattgga

aaaggagttt

acaatcaaga

ggttcagtcc

acggtcagag

gaagcagttc

tccattgcty

ggacaccgag

ggggatagaa

ggacacaaac

tctgacaaca

ggccatgagg

tatgatggaa

gggacactct

540

gygagagcygga
aggcactcaa
ggaagataat
gcttaaacca
ccaaaacaaa
cagcaagcta
cagatcaagt
acataaactc
ggggattgga
ctgctgaact
agcttatcga
gatggggaca
tttatagagc
gatgtggaag
actgtttaca
tctgggataa
tctgtctceca
tgtgggatgt
tgcacttgcg
tatgggatat
ctgctgtcaa
ctataaaggt
gaggcattgc
ctatcagatt
aattggtgcg
aaattaaagt

gtctacggac

cccagtggec

gtttatgaat

accagagaag

agaaacagta

acttgccaat

tgaaaaggaa

ggaatttgtyg

gtatcttaaa

tcatatcget

tgtgtgcaag

gagaatggtc

gtatttattc

actttatcct

acatagttta

gtatgatgat

aaacacattg

gtatgatgag

aaatacaggt

Cttcaataat

ggcctceccececca

tgttgtagac

atggaacaca

ctgtttgcag

atgggacata

ttgtattcga

gtgggatctt

ccttgtggag

60

120

180

240

300

360

420

480

540

600

660

720

780

840

500

560

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

48



cattccggaa
gatgacacaa
cgttcccectt
acttgcccag
aacaacagta
tgagactcct
actgactgct
Ctttaaacct
cagacaaadgg
<210>
<211>

212>
<213>

gagtttttcg

tcctecatcetyg

ctcgaacata

gacccattaa

acaatcaaac

gttgggacac

tcagtgctgc

ccoctectet

tgacttataa

SEQ ID NO 18
LENGTH:
TYPE :

ORGANISM: Homo saplens

569
PRT

49

actacagttt
ggacttccta
cacctacatc
agttgcggta
tactgcccag
agttggtctyg
tatcagaaga
cctectttcea

atatatttag

gatgaattcc

aatgatccag

tccagataaa

tttaacgtat

tttccetgga

cagtcggccc

tgtcttetat

cctctgcacc

tgttttgcca

US 7,414,120 B2

-continued

agattgtcag

ctgcccaagce

taaccataca

ctgccaatac

ctagccgagyg

aggacggtct

caattgtgaa

Cagttttttc

dgaaaddadddadad

tagttcacat

tgaacccccc

ctgacctcat

caggatgagc

agcagggctt

actcagcaca

tgattggaac

ccattggttce

a

<4 00>

SEQUENCE :

Met Asp Pro Ala

1

ASh

Tle

ATrg

Lvs

65

Ser

Glu

Gln

Hig

ITle

145

Leu

Tle

ATrg

Asn

225

Gln

Leu

Leu

Sexr

Tle

Leu

50

Thr

Met

Val

Gly

130

Thr

Ser

Glu

Glu

ATrg

210

2la

ASp

Gln

Gln

Ser

Pro

35

Glu

Tle

Glu

Glu

115

His

Ala

Trp

Arg

195

Gly

Pro

Tle

Tyr
275

Glu

20

Glu

Leu

Agnh

Val

Leu

100

Phe

Tle

Leu

Leu

Tyr

180

Met

Trp

Pro

Glu

Tle

260

ASP

18

Asn

Vval

AsSn

Pro

AsSp

165

Val

Gly

Asn

Thr
245

His

Asp

Ala

Glu

Agn

Gln

Val

70

Val

Glu

Ser

Ala

150

Ala

Val

ATrg

Gln

Ser

230

Tle

Gln

Val

Asp

Ser

Glu

55

Ala

Gln

His
Tvyr
135

Arg

Thr

Thr

Tvr

215

Phe

Glu

Arg

Leu

Leu
40

Thr

Leu

120

Leu

Gly

Ser

Ser

ASpP

200

Leu

Ser

Ser

Ile
280

Gln

AgSh
25

ATrg

Val

Thr

Phe
105

Tle

Leu

Leu

ASP
185

Ser

Phe

ATrg

Agn

Glu

265

Val

Glu
10

AgSh

Gln

Leu

90

Glu

Ser

Pro

ASpP

Cys

170

Gly

Leu

Ala
Trp
250

Thr

Ser

Gly

Thr

Leu

Leu

75

Ser

Gln

Gln

Met

His

155

Ala

Met

Trp

Agnh

Leu

235

Arg

Ser

Gly

Ala

Glu

Ala

60

Ala

Ala

Trp

Met

Leu

140

ITle

Ala

Leu

ATrg

Lys
220

Leu

Leu

Pro

ASn

45

Ser

Agh

Ser

Ser

Cys

125

Gln

Ala

Glu

Trp

Gly

205

Pro

Pro

Gly

Gly

Arg
285

Pro
30

Ser

Thr

Gly

Glu
110

His

ATrg

Glu

Leu

Lys

120

Leu

Pro

ATrg

Val
270

ASP

Phe
15

Arg

2la

Thr

Glu

55

Ser

ASpP

Agn

Val
175

Ala

ASP

Ile

His
255

Agn

Met

Ala

Met

Ser

80

ASpP

Gln

Phe

Ile

160

Leu

Glu

Gly

Ile

240

Ser

Thr

1680

1740

1800

1860

1920

1980

2040

2100

2151

50



Tle

Gly

305

Tle

Gly

Leu

Tle

Val

385

Thr

Tle

ASp

Val

465

Leu

ATg

Glu

ASP

545

Ser

<210>
<211>
<212>
<213>

<4 00>

Lys

290

Hig

Thr

Glu

Arg

2la

370

Leu

Ser

Ala

Agn

450

Leu

Arg

Val

Thr

Phe

530

Phe

Arg

Tle

Thr

Gly

Met

Phe

355

Val

Val

Tle

Thr

Cys

435

Thr

Glu

Tle

Ala

Leu

515

Gln

Leu

Thr

Trp

Gly

Ser

Leu

340

Agn

Trp

Gly

Val

Cys

420

Leu

Tle

Gly

Val

Ala

500

Val

Tle

Agn

SEQ ID NO
LENGTH: o
TYPE:
ORGANISM:

PRT

SEQUENCE :

AsSp

Ser

Ser

325

Asn

Asn

AsSp

Hig

Ser

405

Glu

Gln

Hig

Ser

485

Leu

Glu

Vval

Asp

Thr
565

19

Homo gapiens

19

Val

310

ASpP

Thr

Gly

Met

ATg

390

Ala

Phe

Leu

Glu

470

Gly

ASpP

Hig

Ser

Pro
550

Asp Ser Gly Leu Asp Ser

1

<210>
<211>
<212>
<213>

<4 00>

PRT

SEQUENCE :

20

5

SEQ ID NO 20
LENGTH :
TYPE :
ORGANISM: Homo saplens

20

51

Asn
295
Leu
Ser
Leu
Met
Ala
375
Ala
Ser
Val
Arg
Trp
455
Glu
bAla
Pro
Ser
Ser
535

Ala

Tle

Thr

Thr

Ile

Met

360

Ser

Ala

Gly

ATy

ASpP

440

ASP

Leu

ATrg
Gly
520

Ser

2la

Ser

Leu

Leu

Val

Hisg

345

Val

Pro

Val

ASDP

Thr

425

Tle

Val

ASDP

Ala

505

ATg

His

Gln

Arg

Glu

Gln

Arg

330

His

Thr

Thr

Agn

Arg

410

Leu

Leu

Glu

Arg

Gly

490

Pro

Val

ASp

2la

Tvyr
315

Val

ASpP

Val

395

Thr

Asnh

Val

Cys

475

Ala

Phe

ASp

Glu
555

-continued

Lys Arg Ile Leu

300

ASpP

Trp

Glu

Ser

Tle

380

Val

Tle

Gly

Val

Gly

460

ITle

Tle

Gly

ATYJ

Thr

540

Pro

Glu

Asp

Ala

Lys

365

Thr

Asp

His
Ser
445

Ala

Arg

Thr
Leu
525

Tle

Pro

ATrg

Val

Val

350

ASP

Leu

Phe

Val

Lys

430

Gly

Phe

Val

Leu

510

Gln

Leu

ATg

Val

Agn

335

Leu

Arg

Arg

ASP

Trp

415

ATrg

Ser

Leu

ASP

Trp

495

Phe

Tle

Ser
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Thr

Ile

320

Thr

Hig

Ser

ASpP
400
Asn

Gly

Ser

Agn

480

ASp

Leu

ASpP

Trp

Pro
560

Ala Ala Val Asn Val Val Asp Phe Asp Asp Lys Tyvr Ile Val Ser Ala

1

Ser Gly Asp Arg

20

5

10

15

52



<210>
<211>
<212>
<213>

<4 00>

53

SEQ ID NO 21

LENGTH: 17

TYPE: PRT

ORGANISM: Homo sapiens

SEQUENCE: 21
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-continued

Glu Leu Phe Pro Leu Ile Phe Pro Ala Glu Pro Ala Gln Ala Ser Gly

1

Pro

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<4 00>

5 10

SEQ ID NO 22

LENGTH: 10

TYPE: PRT

ORGANISM: Homo saplens

FEATURE:

NAME/KEY: MOD_RES

LOCATION: (6)

OTHER INFORMATION: PHOSPHORYLATION
FEATURE:

NAME/KEY: MOD_RES

LOCATION: (10)

OTHER INFORMATION: PHOSPHORYLATION

SEQUENCE: 22

Cys Asp Arg His Asp Ser Gly Leu Asp Ser

1

<210>
<211>
<212>
<213>

<4 00>

5 10

SEQ ID NO 23

LENGTH: 4

TYPE: PRT

ORGANISM: Homo sapiens

SEQUENCE: 23

Val Val Zsn Val

1

<210>
<211>
<212>
<213>

<4 00>

SEQ ID NO 24

LENGTH: 17

TYPE: PRT

ORGANISM: Homo saplens

SEQUENCE: 24

15

Ala Ala Val Asn Val Val Asp Phe Asp Asp Lys Tyvr Ile Val Ser Ala

1

Ser

<210>

<211l>

<212>

<213>

<4 00>

5 10

SEQ ID NO 25

LENGTH: ©

TYPE: PRT

ORGANISM: Homo saplens

SEQUENCE: 25

Leu Glu Gly His Glu Glu Leu Val Arg

1

<210>
<211>
<212>
<213>

<4 00>

5

SEQ ID NO 26

LENGTH: 12

TYPE: PRT

ORGANISM: Homo sapiens

SEQUENCE: 26

15

Leu Val Val Ser Gly Ser Ser Asp Asn Thr Ile Arg

1

5 10

54



<210> SEQ ID NO 27

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Homo sgapiens
<400> SEQUENCE: 27

US 7,414,120 B2
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-continued

Ile Gln Asp Ile Glu Thr Ile Glu Ser Asn Trp Arg

1

<210>
<211>
<212>
<213>

<4 00>

5 10

SEQ ID NO 28

LENGTH: ©

TYPE: PRT

ORGANISM: Homo saplens

SEQUENCE: 28

Val Ile Ser Glu Gly Met Leu Trp Lys

1 5
<210> SEQ ID NO 29
<211> LENGTH: 10
<212> TYPE: PRT
<213> ORGANISM: Homo saplens
<220> FEATURE:
«221> NAME/KEY: MOD_RES
«222> LOCATION: (5)
<223> OTHER INFORMATION: PHOSPHORYLATION
<220> FEATURE:
<221> NAME/KEY: MOD_RES
«<222> LOCATION: (9)
<223> OTHER INFORMATION: PHOSPHORYLATION
<400> SEQUENCE: 29

Asp Arg Higs Asp Ser Gly Leu Asp Ser Met

1 5 10
<210> SEQ ID NO 30
<211> LENGTH: 6
<212> TYPE: PRT
<213> ORGANISM: Homo sgapiliens
<220> FEATURE:
<221> NAME/KEY: MOD_RES
«222> LOCATION: (2)
<223> OTHER INFORMATION: PHOSPHORYLATION
<220> FEATURE:
<221> NAME/KEY: MOD_RES
<222> LOCATION: (6)
<223> OTHER INFORMATION: PHOSPHORYLATION
<400> SEQUENCE: 30

Asp Ser Gly Leu Asp Ser

1

5

The mvention claimed 1s:
1. An 1solated polynucleotide that encodes a polypeptide

comprising SEQ ID NO:16 or an 1solated polynucleotide that
hybridizes to the tull-length complement thereof under strin-
gent conditions comprising washing at 65° C. 1 0.2xSSC
contaiming 0.1% SDS and encodes a polypeptide that
enhances ubiquitination of phosphorylated IkB.

2. An 1solated polynucleotide that encodes a polypeptide
comprising SEQ ID NO:16 or a truncated portion thereof of at
least 50 amino acid residues wherein said portion retains the
ability to enhance ubiquitination of phosphorylated IkB.

3. The 1solated polynucleotide of claim 1 that encodes a
polypeptide comprising SEQ 1D NO:16 or a truncated portion
thereol of at least 200 amino acid residues wherein said
portion retains the ability to enhance ubiquitination of phos-
phorylated IkB.

55

60

65

4. The 1solated polynucleotide of claim 1 that hybridizes to
the full-length complement of a polynucleotide that encodes

SEQ ID NO: 16 under stringent conditions comprising wash-
ing at 65° C. 1n 0.2xSSC containing 0.1% SDS and encodes a
polypeptide that enhances ubiquitination of phosphorylated
IkB.

5. An 1solated polynucleotide that encodes a polypeptide
comprising a variant of SEQ ID NO:16 that differs therefrom
by deletion of amino acid residues 122-168 of SEQ ID NO:16
or a truncated portion of said variant wherein said portion

retains the ability to bind to phosphorylated IkB and mhibits
ubiquitination of phosphorylated IkB.

6. An 1solated polynucleotide that encodes a polypeptide
comprising a truncated portion of SEQ 1D NO:16 consisting
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of from 350 to 250 residues of SEQ ID NO:16 wherein said from 10 to 374 residues of SEQ ID NO: 16 wherein said
portion retains the ability to bind to phosphorylated IkB and portion retains the ability to bind to phosphorylated IkB and

inhibits ubiquitination of phosphorylated IxB. inhibits ubiquitination of phosphorylated IxB.

7. An1solated polynucleotide encoding a polypeptide com-
prising a truncated portion of SEQ ID NO:16 consisting of %k ok ok *
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